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n This  report  i»  one  of  a series  based  on  shipboard  observation  of  elec- 
tronic* personnel  aboard  Chip*  of  the  destroyer  claps.  The  titles  of  these 
reports  atfe  given  here  along  with  a.  brief  indication  of  the  content  of  each. 
Security  restrictions  do  not  permit  the  general  circulation  of  all  of  these 
reports  but  the  acconpanying  list  will  help  the  reader  place  the  present  re- 
port in  oontext. 

1*  Shipboard  Observation  of  Electronics  Personnel) 

" A Description  of"* the  He  a ear  oh. 


A general  presentation  of  the  problem,  its  background,  and  the 
observational  techniques  which  were  employed, 

2*  Clipboard  Obsem> tlon  of  Electronics  Personnel) 

Detailed  Descriptions  of  Observational  Techniques. 


A report  for  the  professional  worker  who  desires  precise  de- 
tail regarding  the  forms  and  instructions  used  and  the  decisions 
underlying  their  selection.  The  summarised  data  are  provided 
in  a classified  supplement . 


3.  Shipboard  Observation  of  Electronics  Personnel: 

Implications  for  the  Training  of  Electronic a Personnel. 

Various  problems  of  training  are  formulated  and  related  to  the 
observational  data.  (BESTBICTED) 


4.  Shipboard  Observation  of  Electronics  Personnel: 

” Shipboard  Activities  of1  Electronic s~Technlc Ians, 

Detailed  accounts  of  the  activities  of  electronics  technicians 
are  presented.  Topics  such  as  the  materials,  duties,  problems, 
and  future  plans  of  the  technicians  are  discussed.  (BESTBICTED) 


5*  Shipboard  Observation  of  Electronics  Personnel) 

Brief  Inscriptions  of  Belated  Electronics  Jobs. 

The  Jobe  of  the  Sonarman,  Badarman,  and  Badioman  are  briefly 
described.  The  areas  of  overlap  between  these  Jobs  and  the  Job 
of  the  ET  are  discussed.  (BESTBICTED) 

6.  Shipboard  Observation  of  Electronics  Personnel) 

Implications  for  Certain  Operational  and  Administrative  Problems. 

Problems  of  Shipboard  administration,  policy,  and  the  operation- 
al requirements  of  the  electronics  situation  are  related  to  the 
observational  data.  (BESTBICTED) 
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7#  Shipboard  Observation  of  Electronics  Personnel; 

aeaeral~Conolugi'oni  and  Recommendations  for  farther  Research, 

fhs  objectives  of  ths  rsssarih  ara  reexamined  and  general 
' conclusions  are  drawn,  Premising  research  hypotheses  and  * 
methods  are  presented.  (RESTRICTED) 
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The  research  reported  In  this  series  refleots  the  contribution  of  a 
large  number  of  persons  within  the  Military  Establishment,  Orateful  ap- 
preciation for  this  assistance,  is  extended  to  the  Cruiser  Destroyer  Toroe, 
Pacific;  the.  Training  Comnand,  pacific,  and  the.  Underway  Training  Element 
of  that  comaand;  the  Training  Division  and  the  Research  Division,  Bureau 
of  Saval  Personnel;  the  Personnel  and  Training  Branch  of  the  Psychological 
■ Services  Division  of  the  Office  of  Saval  Research;  and  the  Electronics 
Coordinator's  Section  of  the  Office  of  the  Chief  of  Saval  Operations. 


This  report . contains  a brief,  yet  detailed  and  objective,  account  of 
the  electronics  technician  at  work  aboard  ships  of  the  destroyer  class. 

After  a short  general  description  of  the  technician's  job,  consideration  is 
.given  to  the  general  saint enance  situation  — the  types  of  repairs  perform- 
ed and  the  activities  associated  with  electronics  repair.  Material,  as  well 
as  behavioral,  factors  influencing  repair  are  discussed.  Detailed  consider- 
ation is  given  later  to  conditions  which  limit  electronics  maintenance,  such 
as  contributors  to  unsuccessful  maintenance,  equipment  limitations  on  re- 
pair, and  factors  keeping  personnel  from  doing  a better  job.  Finally,  an 
evaluation  is  made  of  the  critical  requirements  of  the  electronics  technician 
in  terms  of  general  abilities,  and  job  knowledge  and'  skills* 
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n 

This  report  presents  * detailed  picture  of  the  slsctronics  technician 
M he  wi  observed  aboard  Xaval  ahipa  of  tha  destroyer  olaai  during  float 
training  axeroieea.  Tha  deacription  ia  a eoapoaita  derired  from  soma  eighty- 
tiro  man  earring  aboard  twenty  different  ahipa.  These  are  tha  men  on  whom 
tha  responsibility  rests  for  maintainisg  in  good  working  order  a major  por- 
tion of  shipboard  electronic  equipment. 

An  appreciation  of  the  general  position  of  the  electronics  technician 
aboard  a ship  of  the  destroyer  class  can  be  achieved  by  a consideration  of 
the  equipment  with  which  he  works  and  the  function  of  that  equipment  to  the 
ship.  Communication  must  be  maintained  between  the  ship  and  land,  aircraft, 
and  other  ships.  Shis  requires  receiving  and  transmitting  systems  which  are 
highly  diversified  and  specialized  of  purpose.  Long  and  short  wave  eqaip- 
meats  are  needed  for  distant  recaption,  very  high  and  ultra  high  frequency 
devices  for  closer  work.  Signals  msy  be  carried  by  frequency  or  amplitude 
modulation  in  forms  ranging  from  CV  to  phone  conversation  and  teletype. 

Badars  are  numerous  and  diversified.  They  serve  navigational  and  tacti- 
cal functions  with  special  forms  for  searching  the  sea,  searching  the  air, 
and  controlling  fire  power.  This  means  that  the  presence  of  many  different 
models  of  radar  instruments,  each  with  completely  different  design  and  per- 
formance characteristics,  is  common.  To  this  radio  and  radar  coaplex  may  be 
added  specialized  equipments  for  underwater  detection,  direction  finding. 
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Although  meet  of  them  were  members  of  the  ship1*  engineering  department, 
at  the  tl m they  were  observed,  the  electronic  technician  tease  worked  very 
attch  as  a department  of  their  own  with  reeponsibilitiee  some  of  whiah  were 
oleir  out  and  concrete,  othere  ambiguous  and  likely  to  vary  from  Alp  to 
dlip.  the  tedhttlelan't  dealings  were  chiefly  with  the  personnel  who  oper- 
ate the  equipment  and  with  whoa  they  share  the  responsibility  for  keeping 
at  a asodsna  thd  oontritmtion  of  Oleotronios  to  the  welfare  of  the  ship* 
flpeoiflc  equipments  with  which  the  technicians  work  moat  often  were 
surface  and  air  search  radars*  several  radar  repeaters*  and  AM  and  YK 
ceaannications  transmitters  and  receivers.  Others  included  fire  control 
radar r senar,  ioran,  nr,  radio  direction  finder,  infra  red,  and  couatar- 
aaasnre  equipment e.  feet  instruments  most  commonly  used  were  multimeters 
and  vacuum  tube  voltmeters,  wattmeters,  tube  teeters,  cathode  rayoscillo- 
sngphe,  audio  oscillators,  signal  generators,  frequency  meters,  range  call- 
'brators,  and  condenser  checker  a. 

The  average  electronics  technician  spends  about  20  per  Cent  of  hie  duty 
time  on  preventive  maintenance  and  50  per  cent  on  corrective  maintenance, 
the  remainder  of  hie  working  hours  are  divided  between  ■book  work*  such  as 
record  keeping  (l4  per  cent),  and  non-electronlc  shipboard  duties  (l6  par 
cent).  Bach  of  these  classes  of  duty  varies  considerably  with  conditions  of 
watch  and  operational  readiness* 

Mach  of  the  success  of  preventive  maintenance  depends  upon  the  techni- 
cian1 s ability  to  perform  operating  adjustments  on  the  equipment:  to  turn  it 

on  and  off,  tune  it,  calibrate  it,  and  most  importantly  to  be  sufficiently 
familiar  with  it’s  output  characteristics  to  detect  when  equipment  perfor- 
mance is  below  It  * s peak  value.  A few  matters  of  preventive  maintenance  are 
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more  rout  in* , requiring  only  * diligent  pursuit  of  ton*  kind  of  maintenance 

<d). ! 'i  ’ • 

schedule.  . . 

vy  fi.  ''  . ' ■ ■ ; . • \ 

. On  comsunioat  ions  and  radar  equipment,  corrective  maintenance  extend* 

to  th*  diagnosis  and  repair  of  any  malfunction,  whether  it  bs  major  or  minor 
Appropriate  teats  ar*  made  to  locate  faulty  components,  short* « or  misalign- 
ments; and  propor  ran* dial  aotion  is  takan.  Such,  repairs  ralata  largsly  to 

/ " h T . m . 

alaotronio  circuits  and  their  function*  although  a vary  significant  portion 
concern  mechanical  failures  and  extend  to  antenna  systems,  tranenission 
lines,  actors,  and  motor  generators* 

Responsibility  for  eprreotive  naintanance  upon  sonar  and  fir*  control 

«*  *•'  V * • * * • • * * ♦ 

equipaent  is  not  uniformly  invested  in  ths  alaotronio*  technicians.  Ship 

• **',  *.  « * . * . ‘ # * 

* r 

to  ship  differences  in  this  regard  are  wide  and  are  determined  largely  hy 

•#*  *■  . . . . t - t * • . 

availability  of  skilled  maintenance  man  among  the  ranks  of  aonaraan  and  fire 

• ” * • , •*•#*#♦ 

controlaen  and  the  adainiatrative  organisation  of  the  particular  ship.  In 

ft  * * ‘ • i , • . 

the  average  case*  the  Xt  services  only  certain  classes  of  fire  oontrol  radar 

and  sonar  failures*  moat  frequently  those  which  the  aonaraan  charged  with 
• . - ' , ! 
electronics  maintenance  or  the  fire  control  technician  is  unable  to  repair. 

• . 

Xhe  technician*  ■•book  work*  consists  mostly  of  ordering  and  accounting 
for  spare  parts*  and  maintaining  failure  report  fores  and  equipaent  repair 

V •’  ' . .• 

records.  In  addition,  reference  manuals  need  to  be  kept  up  to  date,  as  do 
equipment  histories  and  field  change  records.  Ion-electronic  duties  vary 
widely  with  the  XT1  • rate.  Working  parties,  shore  patrol*  and  gangway  watch 
are  most  common. 

The  aanner  In  which  general  duties  were  observed  to  distribute  them- 

i * 

selves  according  to  the  rate  of  the  man  is  shown  in  the  outline  shown  on 
the  next  page.  On  the  left  is  listed  the  duty  and  the  equipments  Involved* 
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and  on  the  right  the  rate  of  the  Juan  performing  the  task*  abbreviated  a*  C» 
1,  2,  3.  These  data  were  obtained  from  check  lists  filled  out  independently 
by  three  classes  of  persons  (ETs  themselves,  electronics  material  officers, 
and  observers  from  the  research  team). 

Where  a particular  rate  is  noted  as  performing  a given  task,  it  indi- 
cates two  things:  first,  that  50  per  cent  or  more  of  the  ships  visited  re- 

ported  the  rate  as  performing  that  duty;  and  seoond,  that  an  agreement,  ex- 
isted among  all  three  classes  of  persons  reporting.  It  is  important  to  nose 
that  this  outline  Indicates  what  the  men  actually  do  and  not  what  they 
should  be  able  or  qualified  to  do. 


Table  1 


Summary  Outline  of  Work  Performed  by  Rates 


Activity 


Bates  to  Which  Applicable 


Operate  and  adjust: 

feadio  receivers  and  transmitters 

Search  radar 

Eire  control  radar 

Teletype 

Sonar 

Loran 

OP 


C 

C 

C 

0 

C 

C 


12  3 

1 2 3 

1 2 

12  3 

1 

12  3 

123 


Calibrate  and  shift  frequency  of: 

Radio  receivers  and  transmitters 

Search  radar 

Teletype 

Eire  control  radar 
Loran  and  IIP 


C 

C 


1 

1 

1 

1 

1 


2 

2 

2 

2 

2 


Measure  sensitivity: 

Radio  and  radar  receivers 


C 1 2 


Does  preventive  maintenance  on: 

**"  Radio  receivers  and  transmitters 
Search  radar 
Teletype 

Eire  control  radar 


C 

C 


Loraa  aad  U% 


1 2 

1 2 

2 
1 
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ZiCbla  1 
( continued) 


Makai  minor  repairs  on: 

Radio  receivers  And  transmitters 

Search  radar 

Teletype 

Fire  control  radar 
Loran  and  177 


or  casualties  and  makes 


repairs  on: 

* Radio  receivers  and  transmitters 
Search  radar 
Tire  control  radar  ‘ 

Teletype 

Sonar 

Loran 

ITS" 

Supervise  and  train  personnel  In  preventive 
maintenance  on:  ” 

Radio  receivers  and  transmitters 
Search  radar 
Tire  control  radar 
Teletype 
Sonar 

' Loran  and  HP 

Supervise  and  train  personnel  In  corrective 
maintenance  on: 

Radio  receivers  and  transmitters 

Search  radar 

Plre  control  radar 

Teletype 

Sonar 

Loran  and  IIP 


Mu-.*  * *-->‘*-1  "• 


Uses  test 


Ifultimeter 
Oscilloscope 
Tube  tester 
Audio  oscillator 
Signal  generator 
Wattmeter 
Frequency  meter 
Condenser  checker 
Echo  box 
Range  calibrator 
lave  meter 
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(continued) 


Executes  administrative  -paper#  designated 
balowt ", 

1 Records  on  electronics  equipment 

0 

1. 

2 

3 

Replacement  parts  orders 

tJ 

1 

2 

3 

Stores  or  parts  inventory 

C 

1 

2 

3 

Job  and  work  orders 

C 

1 

2 

. 

Draws  and  refers  tot 

1 

0 

1 

2 

3 

Ylflng  diagrams 

C 

i 

2 

3 

from  this  outline  It  may  he  seen  that  the  principal  responsibilities  of 
electronics  technicians  are  with  radio  and  radar  equipment.  There  is  a tend- 
ency for  the  higher  rates  to  do  less  minor  repair  work  and  more  supervision 
and  training.  Aside  from  this  essential  difference,  the  technicians  share 
coimon  activities.  Vlth  reference  to  sonar  and  fire  control  radar  the 
higher .H  rates  appear  to  contribute  most  to  diagnosis  of  major  casualties 
and  supervision  and  training  in  corrective  maintenance.  The  lower  rates  are 
more  likely  to  make  the  more  routine  repairs.  A cong? arable  situation  exists 
for  teletype,  lor  an,  and  UT. 

III.  THE  GENERAL  IIAINTEHANCS  SITUATION 

By  collecting  detailed  accounts  of  corrective  maintenance  situations  in 
the  form  of  written  diaries  and  repair  record  forms  it  is  possible  to  exam- 
ine many  aspects  of  the  electronic  repair  process  in  terms  of  relative  fre- 
quency. Among  the  questions  which  are  considered  below  are:  On  what  equip- 

ments did  the  observed  electronic  failures  occur?  What  is  the  relative  fre- 
quency of  various  causes  of  failure?  What  axe  the  chief  symptoms  from  which 
to  diagnose  the  difficulty?  In  shat  repair  activities  (diagnostic  and  cor- 
rective) do  technicians  engage? 
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A.  Typea  of  Repairs  Performed 

Table  2 presents  a summary  of ‘the  equipments- repaired' in  a sample  tit 
forty  repairs  recorded  oh  a repair  record  form  designed  by  the  research 
group*  Each  technician  couplets d such  a form  on  the  first  repair  he  per- 


formed after  the  observers  boarded  the  ship*  Prom  this  table,  it  is  readily 
seen  that  the  minority  of  repair  instanoes  occurred  on  communications  equip- 
ment and  that  search  radar  repairs  were  nearly  as  frequent . Hone  was  re- 
ported on  sonar  and  only  a few  on  fire  control  radar* 


' Table  2 


Equipments  on  Vhich  the  failures  Occurred 
(Sample  of  MO  repairs  coapleted  while  observers  aboard) 


Equipment 

frequency 

Per  Cent 

Radio  transmitters 

13 

32-5 

TDZ  (5).  TBS  (2),  TBL  (3).  AH/ARC  (3) 

Search  radar 

9 

22*3 

BO  (3).  80  (2).  SO  (1).  8A  (1),  8L  (l),  SR  (l) 

Radio  receivers 

6 

15.0 

RB8  (1),  RAO  (2),  EBB  (l),  SBC  (l),  AH/ARC  (l) 

Search  radar  repeaters 
▼J  (3).  PP  (1).  TO  (1) 

5 

; 12*5 

fire  control  radar 

4 

10.0 

ME  25  (4) 

Test  equipment 

1 

2.5 

ME  11/0 

•t 

Countermeasures  (RCM) 

ah/aph-i 

1 

2.5 

Speaker  aaplifler 

1 

2.5 

An  analysis  of  causes  of  equipment,  failure  has  been  made  from  these  same 

* • i 

data  and  from  a sample  of  20  directly  observed  and  recorded  diary  situations. 
The  relative  frequency  of  various  classes  of  equipment  failure  is  indicated 
in  Table  3 (p®€«  9) • The  most  significant  cause  is  electronic  tube  failure, 
which  accounted  for  over  one  third  of  the  difficulties*  It  is  interesting,  to 
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not*  that  failures  of  other  components  such  *s.re»£stors  and  condenser*  are 

.1-J  41-f'U  1“  ' •/  : -,H  I,-"  j-i  \-y.\i,  •!  ' ••  ■-  . 

ouch  less  frequent  than  failures  due  to  «.nd  tear*  such  as  dirty  con- 

) <\  I try  t' 

' •’>  . „•*«  ■ y'(.  . ..  < ! M yl...  - ■ , , 


tacts,  loose  or  shorted  lent;*,  and  broken  (ieytrols. 

..  ...  . ii  rfeli.'-.. 


,,/C  • 


• -‘.O  7 / 7 •’  M- 

■ ' 1 )f^  , 


Table 


If  'I 

:>/)■  ' ! ' ■ 


Analysis,  of  Causes  of  S uipment  failure 
(Sample  of  w repairs  completed  while  observers  aboard) 


Class  of 


frequency  of 
6ecurrenee 


Per  Cent 


Defective  tubes  1 v-  j}*'/ ’ .((  „«  ...  ' •' 

(gassy,  low  amission,  op  W filament)  4! 

-Tanlty  contacts  V. 

(dirty  and  erratic  relay/  switch,  and  j>otent lo- 
cator contacts,  loose  l^ad,  and  loose  tube  socket) 
Circuit:  shorts  % ' n 

(components  shorted  to  chassis,  short*  d laud* 

. shorted  Jack),.  j! 

Beeistor  failure  , j 

, (open,  short,  changed  value  with  heat, and  age) 
Broken  controls  r (;_  jj 

(potentiometer  .shaft,  lrdadtor  roller,  loose 
roller  on  VPI  yoke)  s;\  • v'  ^ 

Condenser  failure.  - ft  '!  1 ■ 

(leaky.  Shorted)  . j-  .<■> 

Open  leads  or  cables  (,  :■  L 

Transformer  failure  ’ I: 


37-5 


15.0 


12,5 


12.5 


(overflow  of  internal  Insulation  due  to  heat) 
Crystal  breakdown 


—Sal 

100.0 


These  general  results  are  upheld  in  Table  k wh ere  the  smaller  sample  of 


cases  Aron  direct  observation  is  illustrated  with  reference  to  relative  fre- 


quency and  per  cent  of  total  down  til *<  which  is  contributed  by  sach  class 


malfunction,  the  Median  down  %ne  nedlan  time  required  to  isolate 


the  trouble.  Since  all  of  taes'1*  tiiie  figures  are  influenced  by  the  number 


of  instances  in  which  ea»'*h  Ik/bViseiL,  it  is  difficult  to  make  comparisons, 

}<  V'-  j I > 

except  for  such  limited  eonc^;  isions  as  that  six  instances  involving  defec- 


' -9- 

l(  }?  , ~ 

I , 1 

|!'i.  ’ 

i !! 


mmmem) 


m* 

k\ 


SMi 

BIG 

tal  time  to  opr  met  than  did  two  transformer  or 
Canoes  of  faulty /Wutacts*  As  will  bs  seen  latsr 


tiro  tubes  required  lass  t 

' ~ - ’ * ■ ■ ‘i 

coil  failures  or  three  ins 

these  relative  tinea  are  W - - - 

/"• _ :Vk>**  ^^S^ific&'iitiy'  viewed  in  terns  of  the  trouble 

uenavler  ‘ 

V id— perticulerljr  with  reference  to  the  nanber  of 
erroneous  hypotheses  afjV 

jB  to  the  cause  <>f  the  difficulty  which  are  held  by 

technicians*  ^ ' 


Sown  fine  Bars 


,1 ,, 

V/ 

jfl  . 

fable  4 


from  Different  fypee  of  Bquiphettb  Malfunction 


DefectiVe  ti£n 
Capacitor  or  i 
Vaulty  contac* 
Improper  wirj, 
transformer  4 
Mechanical 
Internal 

(alisnr^^Kl 


Vre-' 

Median 

2h*2£'i 

down  tine 

smms  «HmsaeeM 

_ Ji 

6 

1 hr.  17nln. 

3 f ' 

1 hr.  hOnin. 

' 3 | 

5 hre.aOnin. 

2 

57*i». 

■ ■ 2 i, 

21  hre.l5sdh. 

2 

47nin. 

2 

58nin. 

58nin. 
U5«in. 
2 hrs.aOnln. 

37*in. 

L9hrs. 

Sbsiin. 

U^nin. 


!he  principal  ini ■aymatioa  frm  which  the  WS  nasi  make  hie  hypotheses 

, , . , / , , \ ’ ' ' ' 

o cause  <$f  the/' difficulty  ar«  summarised  for  the  repair  records  ip  fable  5. 


JS'raipsant 


fable  5 

I •- 

Symptoms  Accompanying  the  Malfunctions 
(Bopair  Becords) 


frequency 


Reduced  or  variable  output  > 

Improper  reading  on  front  pmbl  meter 
(No  H.V.;  no  Xotr  current;  ni)  Xtal 
! current,  no  BA  current,  m i »r  reading  unstable) 

' ’"'*"**  J ' ' - ^ r-p  i i -r-,  ■ rr 
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Per  Cent 


25.0 

20.0 
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fable  5 
(continued) 


Defective  sweep  signal 

8 

20.0 

(no  sweep,  abnormal  rotation,  no  rotation. 

jumpy  or  Jerky) 

10,0 

Dow  sensitivity 
(receivers) 

4* 

Defective  vide-:'  other  than  sweep 

(intermittent  pulsing,  erratic  signal.  . 

3 

7.5 

no  signal) 

7.5 

Loss  of  ability  to  adjust  or  alter  signal 

3 

(no  focus  control,  intermittent  volume 
control,  equipment  won't  turn  off) 

5.0 

Ho  video,  soopes  blank 

2 

Iqulpment  completely  dead 

.A 

Ter 

100.0 

It  is  significant  to  note  in  this  connection  how  closely  the  information' 

. , f.  • • 

available  is  related  to  the  parti  collar  elate  of  equipment  involved,  lx- 
eunples  of  thle  are  output  levels  of  transmitters  and  sensitivities  of  coasni- 
nication  receivers.  In  most  instances  only  partial  loss  of  function  is  in- 
volved. * . 

B.  Classes  of  Bepair  Activities 

In  analysing  this  infarnation  for  indications  of  the  actual  work  per- 
formed hy  the  technicians,  the  repair  activities  have  Been  grouped  into  two 
general  classes:  one  concerned  with  diagnostic  activities,  the  other  with 

corrective  action  taken  after  the  cause  of  failure  has  Been  located.  This 
information  is  presented  in  Table  6 (page  12) . Here  it  will  he  noted  that 
over  5($  of  the  diagnostic  activity  concerned  basic  electrical  measurements 
and  the  testing  of  tubes  either  by  replacement  or  by  using  a tube  tester. 

Corrective  action,  as  indicated  in  the  same  table,  can  readily1  be  di- 
vided into  the  replacestent  of  defective  parts  and  the  making  of  circuit  or 
mechanical  adjustments  of  various  sorts.  Of  these,  the  replacement  of  parts 
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la  noat  frequent,  with  the  replaeemaht • of  tabs*  possessing  three  tinea  the 
frequency  of  rsplaoement  of  any  other  elaea  of  parts,  In  thla  connection, 

1 » ‘ *#  ‘ ’ i' 

however,  it  la  naoessary  to  raaambar  that  a tendency  exists  to  rsplaoetubes 
i in  fltuat  Iona  where  auch  replaoeaent  may  not  he  essential,  as,  for  example, 

.•  i ' v , 1 " # ", 

• tee tin*  tuhea  hy  replacement  end  then  faille  to  return  the  originals-  even 

* * • . r 

though  they  turn  out  td  he  satisfactory. 

, * i , 

Table  6 


Repair  Activities  Reported  on  8aimle  of  forty  Repalra 

(Repair  Record) 


A.  Diagnostic  Activities 

frequency 

Meaaured  reaiatance 

14 

Seated  'tube  hy  replacement 

12 

Teated  tube  hy  tube  teeter 

11 

Keaaured  voltage  acroaa  circuit  component  a 

10 

Made  circuit  continuity  teat  a 

9 . 

Checked  or  meaaured  grid  or  plate  currant 

8 

Checked  condenaer 

8 

Seated  coaponenta  (tranaformer,  choke,  etc*)  hy  continuity  teat 

. . . 3 •; 

Sook  wave  pattern  on  oaolllograph 

3 

Check  tuhea  visually  for  gaaay  syaptoma 

3 

Measured  power  output 

3 

Seated  switch  contacts 

2 

felt  tubes  to  see  if  warm 

. 2 - 

Traced  signals 

2 

Meaiured  sensitivity 

' 2 

Measured  Xt&l  resistance 

2 

Sapped  tube  for  effect  on  signal 

2 

Seated  relay  operation 

1 

Checked  for  loose  connections 

1 

Checked  generator  brushes 

1 

Measured  output  of  motor  generator 

1 

Check  voltmeter  readings  against  standard 

1 

■IS— 
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Tabls  6 
( continued) 


t— — * - — - f,"  k v ni  ' » '■  

B.  Corrective  Xct ion 

■1.  Farts  renlaesd 

Tubes 

16 

■ Xesl  store  . 

5 

Capacitors 

4 

Potent iomstsrs  -• 

. " • 2 

Crystal 

2 

Transformer 

1 

: Mura  guide  ■:•••'-  • 

1 

Roller  on  inductor 

1 

••  Filter  choke 

1 

Tube  socket 

1 

2.  Adjustments  and  Other  Repair  Operations 

Cleaned  relay  or  switch  contacts 

2 

Tightened  loose  roller  on  FFI  yoke 

1 

Mads  replacement  shaft  for  potentiometer 

1 

Dismantled  and  cleaned  volume  control  pot 

1 

Secured  leads 

1 

Cleaned  variable  condenser  with  crocus  eloth 

1 

_C.  The  Trouble  Shooting  Process 

The  task  of  locating  and  correcting  trouble  in  nalfunctloning  equipment 
is  one  of  the  most  important  jobs  of  the  electronics  technician.  Vo  matter 
how  effective  a preventive  maintenance  program  nay  be,  major  equipment  cas- 
ualties will  occur!  Because  of  its  central  position  in  the  job  of  elec- 
tronics technicians!  the  general  nature  of  the  trouble  shooting  process  is 
worth  careful  study  and  should  be  subject  to  continued  improvement . In  fact, 
an  adequate  understanding  of  the  maximally  effective  course  of  events  lead- 
ing to  repair  can  help  in  reducing  future  casualties  by  contributing  under- 
standing to  a better  program  of  preventive  maintenance. 

There  are  many  ways  in  which  the  trouble  shooting  process  can  be  studied. 

In  one  way,  it  can  be  identified  with  the  general  class  of  behavior  most 
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commonly  labelled  "problem  solving"  an  dan  attempt  made  to  understand  its 

* ' * ‘ t 

contributing  variable ■ in  term*  of  basic  principles  discorered  in  labors- 

\ H 

tory  studies  of  problem  solving*  A seoond  method  consists  of  carefully 
watching  trouble  shooters  at  work  in  the  field.  It  is  this  seoond  way,  . 
which  reifleots  the  specific  tasks  performed  by  Us  as  theywere  observed 
to  perform  them  on  the  Job,  that  is  considered  here* 

The  essence  of  the  trouble  shooting  process  is  to  isolate  the  stage  or 
circuit  which  is  malfunctioning  and  then  to  analyse  that  stage  for  defective 
components*  When  asked  to  desoribe  what  he  does  in  trouble  shooting  a radar 
one  ST  responded  as  follows: 

"If  someone  conies  to  rsport  that  the  80  is  out*  the  first 
thing  I do  is  see  if  there  is  a presentation  on  the  soope* 

If  there  is  not*  I check  all  of  the  controls  to  see  if  they 

i 

* .*«  ? ’ 

are  properly,  set,  particularly  battle  switches  and  the  like. 

If  that  doesn't  help,  1 get  out  the  instruction  books  and  work 
down  through  the  different  stages,  first,  yoU  Check  your'  ~ 
tubes  and  your  fuses*  Then,  if  you  are  working  through  the 
receiver*  you  get  a signal  generator  and  work  back  through  the 
different  stages  until  the  signal  is  lost  or  drops  off.  Or, 
if  you  aren't  getting  normal  sweeps  or  trigger  pulses  you 
might  take  waveforms  at  various  spots  in  your  video  or  mod- 
generator  sections." 

The  general  classes  of  activity  for  isolatlig  the  difficulty  were  found 
to  include  the  following: 

1.  General  inspection  for  obvious  difficulty  evident  to  the 

senses  (i*e.t  well  of  overheated  component*  sight  of 

-ik- 
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gassy  tub*  or  charred  resistor), 

2*  Preliminary  hypotheses  ’based  on  front  pans!  iniicat  ions 
and  past  experiences  with  the  sans  equipment. 

3.  Parts  substitution* 

4.  Measursasnt  of  basic  electrical  quantities  within  the 
circuit  (voltage,  resistance,  and  current)* 

3*  Signal  substitution* 

6,  Dynamic  signal  tracixg— with  raouun  tube  voltmeter  or 
cathode  ray  oscillograph. 

It  would  be  difficult  to  give  asy  general  step  bjr  step  procedure,.,  for 
the  sequence  followed  differs  greatly  fron  person  to  person  and  fron  sit- 
uation  to  situation.  In  general,  the  less  experienced  nan  are  acre  at  a 

e #t  * 

loss  regarding  where  to  look  first.  They  are  aore  prone  to  *pek»  around* 
in.  the  set  or  naks  rather  widespread  tube  changes.  More  experienced  men 
are  norii  sjrstenatic  and  are  able  to  rely  heavily  on  past  experience  with 
the  particular  equipment  involved*  Mot  infrequently  they  are  able  to  pro- 
ceed immediately  to  the  troublesosui  unit  or  component.  This  ie  aade  pos- 
sible by  two  lines  of  reasoning.  One  is  essentially  *the  last  tine  this 

happened  the  cause  was  the  XT  component;  therefore,  I will  first  check 

• / . 

that  component."  The  other  line  of  reasoning  proceeds  to  a hypothesised 
cfcuse  based  on  an  understanding  of  how  the  gear  functions  and  on  ability 
to  deduce  possible  causes  fron  symptoms. 

It  Is  of  interest  to  note  the  relation  which  exists  between  the  number 
of  false  starts  or  wrong  hypotheses  and  the  tine  required  to  make  the  re- 
quired repair.  These  hare  been  tabulated  for  twenty  trouble-oriented 
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diaries  in  table  7.  Of  these  twenty  repair*  thirteen  required  an  average 
of  leas  than  one  hour  to  coaplete  and  had  less  than  one  inoorfect  hypothe- 
ses per  repair.  Of  the  other  longer  repairs  all  possessed  two  or  store  false 
hypotheses  about  the  cause  Of  the  trouble. 


Table  7 


Situations  with  Unusually  Long  Bepalr  Tlstes 
(8asple  of  20  diaries) 


Nature 

of 

Trouble 

Time  to 
Isolate 
Trouble 

Number  of 
Incorrect 
Hypotheses 

TimS^ 

Transformer  burned  out. 

36  hr. 

2 

39  to. 

shorted  BY  condenser 
Broken  lead  on  crystal 

24  hr. 

5 

26  hr. 

holder 

Defective  magnetron 
ftiorted  capacitor 
Shorted  choke  coil 

13  hr. 

4 hr.35min, 
2 hr. 3 Win. 

1 

2 

l6  hr. 

6 hr,15nin. 
3 hr  .30m in. 

Dirty  switch  contacts 

2 hr.20min. 

3 

3 hr.aOmin. 

Loose  prongs,  CR  tube 

1 hr.  5min. 

5 

2 hr. 

Average  of  all  other 

0.6 

repairs  in  saaple  (I  * 13) 

35*in. 

53isin. 

The  types  of  conditions  leading  to  the  diagnosis  of  trouble  wary  greatly 
as  can  be  seen  from  this  saaple  of  situations  from  these  twenty  diaries. 

1.  Sot  iced  that  Jiggling  set  disturbed  scope  pattern.  Guessed  that 
soae  connection  was  loose.  Discovered  loose  prongs  on  CB  tube. 

2.  Replaced  tube  which  if  bad  night  hare  caused  the  difficulty.  Set 


3- 

4. 


returned  to  normal. 

Accidentally  noticed  a HV  condenser  arc  when  high  voltage  applied. 
Located  a faulty  condenser  by  Baking  systematic  voltage  and  re- 
sistance checks. 

Recalled  that  a similar  difficulty  had  occurred  before.  Tried  the 
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.rape dial  action  which  was  effective  then.  It  works!. 

4 * • •.  1 » - 
6*  Detected  ft  wire  Jumper  inserted  into  set  to  short  oat  overload 

relay.  It  mi  blowing  fuaea. 

7*  Uhable  to  looate  floxlty  component,  decided  to  try  adjusting 
alignment . 

8,  Bbticed  a charred  resistor. 

9*  Discovered  plate  voltage  of  one  tube  to  ha  low* 

10.  Located  a voltage  drop  across  a group  , of  components  which  was 

. ;■  ~v  < i ■*  • : •;  , ■ » . ’ r w> 

half  of  normal  operating  voltage.  Traced  to  a shorted  ohoke  coil. 


D.  Ixamples  of  Iff  active  and  Ineffective  Trouble  Shooting. 

By  comparing  the  abbreviated  case  histories  of  repairs,  some  of  the 
basio  differences  between  effective  and  ineffective  repairs  can  be  seen. 
Two  such  contrasting  summaries  are  presented  below. 

Diary  J..  Complaint:  Ho  sweep  on  radar  repeater. 

1.  Tests  tubes  in  sweep  circuit.  .........  Boreal 

2.  Makes  visual  check  of  tubes*  resistors,  etc..  • Bonsai 

3.  Checks  waveform  at  Input  to  driver  unit  . ...  Ho  input 

4.  Tests  tubes  in  delay  unit  which  feeds  driver.  • Horaal 
9.  Takes  waveforms  at  test,  points  within  delay 


unit.  ..Locates  points 

between  which 
signal  is  lost 

* ‘ l 

6.  Bechecks  tube  in  isolated  circuit  in  delay  unit.Hbrmal 

7.  Measures  voltagss  at  pins  of  this  tube.  ....  Plate  , voltage  low 

8.  Checks  capacitor  In  plat#  circuit  .......  Shorted 

9*  Bepl&oe  capacitor  .......  Set  normal 

Diary  2.  Complaint:  Search  radar  has  weak  returns,  limited  range. 

1.  Replace  most  of  transmitter  tubes.  ......  Ho  chaige 

2.  Replace  power  supply  tubes  •.••••....  Hormal 

3.  Take  voltage  tests  off  tube  pins  in  receiver  * Hormal 

4.  Replace  T/R  tube Bo  change 

5*  Measure  crystal  current  and  AFC  current.  , • . Both  low 
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6»  BiplMM  Ur/ittli  I V *'  ■%  * • « • »*''i  i • • -*  Vo  change 

7*  Bmplace  looal  osoillator  tub*  and  adjust No  change 

8*  Check  voltages  in  LG  motion  . . . . , . . . . . . , • • Vormal 

9.  Eeplace  magnetron.  . . . . . . . . . . . . . . . . . . . . So  change 

10*  Sake  ring  tine,  sake  alternate  adjustment • of  L0  and 

T/B  box  till  maximum  a.lgnal  reached*  • •••*••••  Condition 
■ r.\i  ■ . \.v  v.v improved 


One  list  Inc  tire  feature  of  the  shipboard  trouble  shooting  situation  is 
that  work  is  typically  accomplished  by  a team  of  persons*  most  frequently  by 
a responsible  technician  and  one  or  two  helpers*  This  fact  and  some  further 
highlights  of  the  actual  behavior  involved  in  repair  can  be  seen  in  the  fol- 

" 1 . . * ? ■ • '*  Cm,'  ~ \ * ' *’  ' * » ■ • 

lowing  detailed  (or  step  by  step)  account  of  an  ST  chief  repairing  a fire 
control  radar  with  the  help  of.  two  fire  control  technicians. 


Complaints  Tubs  burns  out  every  eight  hours  of  continuous  operation. 

Xqulpaant  concerned:  lire  .control  radar. 

% 

Personnel  participating  in  repair:  IC/2  TC/SV  XC/C 

Stepwise  activities  of  B?/C: 

1.  Tells  10/ 2 to  go  get  paid. 

2.  Studies  instruction  book* 

3*  Beads  varioui  material;  looks  at  circuit  diagram. 

4.  Looks  at  presentation  on  MOD-3:  turns  operating  knobs* 

5.  Studies  instruction  book:  studies  schematic* 

6.  Instructs  PC/ 2 to  pull  out  T109  and  check  tube  on  tube  tester. 
7*  Checks  set*  turns  knobs*  watches  presentation. 

8.  Puts  tubes  back  in  set. 

9*  Closes  set  pert  way*  turns  it  on*  watches  presentation. 

10.  Manipulates  knobs*,  watches  presentation. 

11.  Opens  set  up*  starts  exploring  back  of  scape, 

12.  Makes  adjustments  on  scope. 

13*  Direct*  PCs  to  pick  up  a target. 

14.  Jiggles  set. 

19*  Turns  lights  on;  opens  set;  eaplores  back  of  scope;  watches 
presentation* 
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l6,  Tarns  out  lights}  adjusts  preeentation. 

17*  Turns  light  on. 

13.  Qpons  set}  eaqplores  hack  of  scope, 

19.  Wiggles  hack  of  scope. 

2D.  Pulls  set  dear  open. 

21.  Restores  socket  from  hack  of  set* 

22.  Tightens  parts  of  socket  with  screwdrirer,  securing  leads. 

23.  Puts  socket  back  in  rear  of  soope.  . 

24.  Closes  up  set  part  way. 

2$.  Toms  on  set.  '' 

26.  Directs  70/ BS  to  turn  off  lights. 

27*  Pokes  at  socket  at  haok 'of  scope  . ' . 

28.  Makes  screwdrirer  adjustments  inside  the  set. 

29*  Closes  up  set.  Says  the  trouble  is  probably  in  the  scope.  He 
figures  the  prongs  are  loose.  He  says  he'll  go  see  if  he  can 
find,  another  tube.  When  asked  about  checking  out  tubes,  and 
told  that  they  had  been  checked  out  not  over  50  hours  ag6»  says 
not  to  bother  with  them. 

30.  Leaves. 

• y 

31.  Returns  with  new  cathode  ray  tube. 

32.  Turns  off  the  power. 

33.  Opens  set. 

34.  Remores  haok  of  tube. 

35*  Takes  tube  PC/2  has  removed;  hands  it  to  PC/SI. 


36.  Gets  a new  tube. 

37.  Slips  the  new  tube  in,  secures  it,  and  fastens  the  leads. 

38.  Takes  tube  which  JC/z  has  pulled  out. 

Looks  the  tube  over. 

Sets  new  tube  on  floor. 


8 


41. 

42. 

& 

45. 

46. 

|*7. 

48. 

49. 

50. 

SI- 

52. 

£ 

55. 


Tests  tightness  of  prongs  on  old  tube. 

Decides  prongs  on  new  tube  are  loose. 

Directs  PC/8H  to  get  another  new  tube. 

Takes  second  new  tube  out  of  box,  inspects  it,  puts  it  into 
place,  and  holds  it  while  JC/2  secures  it. 

Puts  the  socket  in  place. 

Looks  scope  over. 

Turns  on  power. 

Observes  presentation  on  scope. 

Makes  adjustments  of  presentation. 

Instructs  7C/2  to  tighten  down  clamp  that  holds  scope  in  position, 
Closes'  set. 

Makes  adjustments  of  presentation. 

Directs  PC/SH  to  put  plate  back  orer  front  of  scope. 

Makes  more  front  panel  adjustments. 

Opens  set. 

-19- 


BESTRICTKD 


5 6.  Jiggles  beck  of  tut*. 

57*  ClOSOS  Mt. 

58,  ObSSrVSS  Mt, 

59,  Grabs  set  and  shakes  It  hard. 

oO.  Watches  soope. 

61.  Looks  oyer  stand  that  eet  eit»  on. 

62.  Discusses  Mys  of  securing  set  so  it  won't  shake  when  ship  is  at 
high  spsw&s. 

63.  Directs  TC/2  to  kepp  set  in  etand-by  and  waited  scope  to  see  if 
anything  happens  when  the  ribration  becoaes  had.  Says  that  the 
oense  of  the  tubes  coins  bad  is  probably  the  vibrating. 

64.  Picks  up  old  tubes  and  leaves. 


Stepwise  activities  of  lt/Zx 

1.  Upon  being  told  by  the  B/C  to  go  got  paid.  PC/2  leaves. 

2.  Returns  anid  plays  with  knobs, 

3.  Under  instruction  of  B/ 0 opens  unit,,  pulls  cut  Y1Q9,  begins 
checking  tube  on  tester. 

4.  Looks  on  while  B/C  turns  on  set  and  watches  presentation. 

5 • Makes  adjustments  of  presentation. 

6.  Tells  PC/SV  to  go  19  in  director  and  try  to  get  on  a target. 

7.  Adjusts  presentation. 

8.  Makes  further  knob  adjustments. 

9.  Watches  presentation  and  tells  B/C  what  is  happening. 

10.  Observes  scope  while  B/C  pokes  at  socket  at  back  of  scope. 

11.  Deports  to  B/C  results  of  chief's  screwdriver  adjustaents. 

12.  Asks  B/C  if  he  wants  hie  to  check  all  tubes  in  the  set. 

15.  Aida  B/C  in  opening  set.  % 

14.  Aids  B/C  in  reeoving  back  of  tube. 

15*  Aids  B/C  in  holding  plate  while  IC/SV  loosens  it. 


16.  Heswves  tube  and  hands  it  to  B/C. 

17.  Aids  B/C  in  putting  in  new  tube,  securing  and  fastening  leads, 

18.  Under  chief's  Instruction,  loosens  tube  again,  pulls  it  out  and 
hands  to  chief. 

19.  Aids  B/C  in  slipping  another  tube  into  place. 

20.  Secures  it. 

21.  Under  B/C  instruction,  tightens  down  clasp  that  holds  scope  in 
position. 

22.  Aids  B/C  and  7C/SI  in  putting  plate  beck  over  front  of  scope 
and  tightening  it  down. 

23.  Looks  at  presentation  and  reports  effects  from  jiggling. 

24.  Observes  scope. 
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Stepwise  activities  of  TC/SSt 

1.  Help*  fO/2  to  teat  tuib**. on  tub*  teeter. 

2.  ketch#*  IT/C  Observing  presentation. 


'3.  Adjust#  presentation.  • « 

•-«.  4,  -Directed  by  IC/2  to  go  up  in  director  and  try  to  jot'  On  n ahip. 

5,  Toma  out  the  light*.  ‘ ; 

7*  Look*  up  'infornatlott  in  hi*  not*  book  concerning  the  lalattim*  . 
tub**  were  checked. 

S.  Take*  plait*  off  front  of  aoope.  _ .V, 

9.  Under  inatruction  of  w/C,  goa*  for  another  new  tube.  .... 

10.  Return*  with  new  tube.  , 

11.  Under  instruction  of  ZT/C,  put*  plate  back  orer  front  of  scope. 

further  Insight  into  the  factors  producing  good  or  effective  nainte- 
noace  behavior  aiay  be  gained  by  examining  information  ^diich  wa*  aecured 
daring  critical  incident  interview*  with  electronic*  technician*.  *®bh  . 
nan  m aSked  to  relate  an  incident  in  which  he  or  soneon*  he  raw  working 
with  waa  able  to  complete  a repair  which  wa*  completely  new  for  hin.  Sit- 
uation* were  a ought  where  XT*  had  to  *olv*  acme  maintenance  problem  he  had 
never  encountered  before  end  where  hie  training  «»d  experience  did  not  apply 
directly,  then  these  incident*  are  tabulated  and  classified  they  ahow  , 
clearly  the  importance  of  following  systematic  procedure*  and  the  dependence 
upon  schematic  diagrams  and.  inatruction  book*.  Squally  important  i*  a de- 
pendance  upon  baaic  electronic*  knowledge,  particularly  knowledge  of  com- 
ponent a and  circuitry.  Characterietice  auch  as  ingenuity  end  ability  to 
improvise  were  leea  important,  *ee.  Table  8 shown  on  page  22. 
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Relative  frequencies  of  Classes  of  Incidents  in  Which 
ST*  Solve  Bovel  Maintenance  Problems  ' 


frequencies 

Solved  by.  using  basic  electrical  and  electronic  knowledge  * 
Solved  by  studying  echematio  . 

Systematically  followed  etepe  laid  down  in  instruction  books 
Used  experience  with,  or  knowledge  of,  similar  gear 
Systematically  traced  circuit 

■■■■  ' 

Improvised  parte 

Used  a process  .of  elimination 

Depended  onhelp  from  civilian  engineer 

10 

8 

: l 

2, 

2 

2 

la  another  question,  Men  vert  asked  for  instances  of  unusually  tuccets- 


1 >'  ••  * • " • j “•  .-r  ■ . .■  , f.  *,  ...  • ■ : 

ful  maintenance  behavior.  These  have  also  'been  elaeeified  and  are  presented 

' -r  > vi  r + - 1 ' '• 

helow.  In  addition  to  the  general  classes  and  frequencies,  the  actual  inci- 


dents are  listed  in  abbreviated  fora. 


4 . • Table  J 

▲ Classification  of  Incidents  of  Urm anally  Successful  Maintenance  Behaviors 

(lech  incident  is  represented  by  a brief  stateaent)  

. " RO.  Of 

Category  and  incidents  Incidents 

Achieved  Repair  by  Unusual  Substitution  Mhen  no  Spare  was  Available  10 

Substituted  repeater  for  damaged  console  of  radar. 

Substituted  amplifier  power  supply  for  burned  out  dynamotor. 

Combined  six  transformers  to  replace  burned  out  one  for  which 
there  were  no  replacements. 

Put  in  a Jury  rig  for  a bad  rectifier  unit  that  had  no 
replacement . 

Rigged  vop  a temporary  blower  motor  to  replace  burned  out  one. 

Replaced  shorted  out  wires  in  a circuit  by  using  graphite  pencil. 

Substituted  TDZ  generator  for  an  unf liable  AK/ARC  generator. 

Substituted  a tube  with  different  characteristic  to  eliminate 
recurring  trouble. 

Combined  five  transformers  to  replace  one  burned  out  one  when 
no  spare  was  available. 

Rigged  up  a fuse  holder  to  replace  a bad  one  that  had  no  re- 
placement. 
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Table  9 , 

(continued) 

immmmrnm  ■ l 111* ly  * * « ■ I ,■<  » "■)  , - f 1 ■,l|',lll'1  * H—— ******  ■*■■  ■ ■ ■ 

Designed  Circuit  Ohmti  to  Oorfsdt  Jsultr  Operation  7 

besigned  new  wiring  ••tup  to  by-paaa  burned  out  slip  rises* 

Calculated  change  In  voltage  dirider  network  to  correct  trouble. 
Figured  out  circuit  ohange  to  rqpair  gear  an  exglneer  could  not  fix. 
Devised  a reotifier  circuit  to  rsplaoe  a faulty  motor  generator*. 
Designed  a bias  supply  to  eliminate  faulty  thyratron  operation. 
Derlsed  a squelch  circuit  to  replace  faulty  one. 

Increased  length  of  antenna  in  order  to  get  out  on  higher 
frequencies. 

Did  Precise.  Patient,  or  Careful  Work  in  Making  a Difficult  or  7 

tedious  Repair 

* located  interalttently  shorted  capacitor  which  others  failed  to. 
locate. 

Repaired  unusually  had  transnitter  by  precise*  accurate  work. 

Hake  difficult  aotor  generator  repair  by  patient  work. 

Cospleted  tedious  job  without  quitting. 

Worked  steadily  for  lose  hours  in  order  to  repair  radar. 

Located  soap  on  aotor-generator  coaaatators  by  careful  and 
thorough  trouble  shooting. 

JLttsspted  numerous  procedures  in  order  to  resttre  faulty  blower 
aotor  froa  inaccessible  spot. 

Used  Ixc optional  Speed  in  Making  a Bcoair  6 

Worked  rapidly  in  order  to  get  fire  control  gear  repaired. 

Used  extras*  qpeed  in  repairing  gear. 

Used  exceptional  speed  in  repairing  a fire  control  gear. 

Worked  steadily  and  carefully  in  order  to  locate  source  of  trouble. 
Combined  macrons  trouble  shootlxg  procedures  in  order  to  locate 
burned  out  resistor. 

Used  schematic  skillfully  in  order  to  locate  bad  capacitor* 

Be  wired  or  Rewound  Circuits.  Motors,  or  Transformers  6 

Bid  outstanding  job  in  rewiring  circuit. 

Rewired  high  voltage  unit. 

Rewound  burned  out  transformer. 

Rewound  aotor  field. 

Rewired  power  supply. 

Rewound  transformer  when  no  replaeaaent  was  available. 

Manufactured  Unavailable  Part  U 

Manufactured  barrel  dips  for  deaaged  radar. 

Made  up  chemical  compound  to  eliminate  corrosion  in  wave  guide. 
Manufactured  clamp  to  hold  antenna  together. 

Made  brushes  for  aotor  generator  when  none  were  available. 
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Table  $ 

^ (continued) ■ 

Made  Unusual  Mechanical  Repair  of  Hooded  fart  4 

Par  formed  difficult  Job  xogsiXting^XS  asckanlool  skill,  of 
repairing  broken  hsllpot. 

Repaired  badly  damaged  telescopic  capacitor  when  no  spares 
were  available. 

Rada  unusual  repair  on  damaged  twitch. 

Repaired  bad  tuning  mechanism  in  emergency  by  cutting  out 
section  giving  trouble* 

By-Passed  Circuit  or  Component  to  leap  Bet  on  the  Air  3 

Shorted  out  faulty  switch  to  make  set  operate  witkout  daisy. 

By-passed  burned  out  section  of  high  voltage  power  supply  When  . 
no  spares  were  available. 

■ By-passed  colli  when  no  replacement  was'  available* 

Isolated  trouble  by  Unusual  .Means  >■  3 

tJssd  light  bulb  to  isolate  trouble  spot  that  would  not  show 

I tip  on  a mater. 

Developed  device  to  measure  high  voltage  when  no  meter  wee 
available. 

Shorted  out  interlocks  with  power  on  and  doora  open. 

Used  Cooperative  or  Coordinated  Effort  in  Makiiy  a Repair  3 

Repaired  gear  in  minimum  time  ky  vorklxsg  in  snifts  far  many 
hours. 

. Repaired  set  in  minianm  time  by  cooperation* 

Repaired  three  fire  control  radars  in  e abort  time  by  coordinat- 
ing work. 

Made  Difficult  Repair  Under  Difficult  Conditions  3 

Remained  undisturbed  in  trouble  shooting  despite  outside  pressure. 
Made  difficult  antenna  repair  under  extremely  cold  and  difficult 
conditions. 

Repaired  antenna  under  fire. 


These  behaviors  nay  be  compared  with  uoae  that  reflect  faulty  or  poor 
maintenance  behavior  as  they  were  observed  in  the  diaries.  The  followlxg 
instances  in  Table  10  were  extracted  from  the  sane  twenty  diaries  which 
were  discussed  earlier.  Tor  purposes  of  convenience  they  have  been  divided 
into  two  general  classes,  one  of  which  reflects  lack  of  care  In  or 

working  with  electronic  equipment,  the  other  reflects  generally  ineffective 
maintenance  procedure. 
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■,  ft  i t 


[l|uatlon»  Involving  Look  of  Care  in  Handling  or  forking  with  Electronic 


Rgatpaent  ’ .-£■ 

1*  laprcperly  reaoved  tube  cap,  breakii*  lead  frdm  cap. 

2.  Totted  tube  to  another  man* 

3*  Bent  wave  guide  then  pry lag  loose  transformer  with  screwdriver.  a- 
4.  Leaned  against  tube,  breaking  it  at  haae. 

' 5*  Handled  metal  tube  With  aet  bh,  get  aheok.  ' * <x  ••  ? J.v  ' 

6 •'  Used  flashlight  ^to  tep  tube*  - ' <;•*-*  • : *■  ' , • •'  ; 

7*  Tool  not  handy,  to  reaoved  fuses  from  an  operating  aet  with  hand#. 

■ 8.  Used  Screwdrivar  to  tap  tubes.'  ; • ' 

9*  Shorted  out  overload  relays  with  juapers  ao  that  they  would  not  work, 
10*  Atteaptsd  switching  leads  with  screwdriver  when  aet  waa  operating. 

11.  Bent  oontaota  for  lighthouse  tube  by  not  taking  sufficient  care  in 
putting  it  in. 

12.  Shoved  drawer  violently  in  aet  causing  loose  terminal  board  to  short 
everything  to  ground. 

* t ’ * ' - ‘ •* 

81tuatlo&a  Beflectlng  Ineffective  Proceduree 

1.  Bid  not  correct  a basic  trouble.  Was  content  to  replace  component 
as  it  periodically  went  bad. 

2.  Replaced  most  of  the  tubes  in  a radar  transmitter  in  an  attespt  to 
correct  the  trouble. 


3*  Bid  not  know  share  spare  parts  were. 
4.  Had  trouble  finding  tools  and  parts 


4.  Had  trouble  finding  tools  and  parts  because  of  a disorderly  work  shop. 
5*  Had  difficulty  finding  a capacitor.  Bid  not  us#  instruction  book  to 

help. 

6.  Wasted  thirty-six  minutes  by  putting  in  a new  presentation  scope 
without  first  checkli^  it. 

7*  Bedded  wattmeter  was  at  fault  when  actually  the  set  was  not  properly 
tuned. 

5.  Belayed  repair  by  extensive  arguing  over  symptoms. 

9*  Baglected  to  reconnect  three  leads. 

ID.  Forgot  to  replace  tube  previously  removed. 

11.  Repair  confused  by  four  different  people  working  on  it  without  coor- 
dinating their  activities. 

12.  Replaced  components  before  others  were  tightened  down,  requiring  that 
components  be  reaoved  again  in  order  to  tighten  down  others. 

13.  Spent  an  hour  and  one-half  trying  to  locate  trouble  in  driver  unit 
causing  repeater  bearings  to  be  ISO  degrees  out  of  phase  before  remem- 

berirg  that  they  had  not  lined  up  the  synchros  the  last  tine  they 
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table  K> 
(contlnusd) 


they  worked,  on  the  rep  enter* 

14,  Bad  no  record  of  last  tine  ohsek*&  tube*  in  set, 
.15,  Repair  interrupted  while  1 eoneone  borrowed  toole. 


1,'  Preventive  Kaintenanet 

One  often  hear*  the  etateaent  that  the  beet  index  of  a successful  naixv- 
tenanoe  program  ie  not  how  quickly  squipasnt  is  repaired  vixen  it  breaks  down 

* : I f JT  + r 

bat  how  little  it  breaks  down,  Che  sqphasls  is  planed  on  the  prevention  of 
electronic  failure,  and  the  eleotronios  technician  is  viewed  as  a nan  with  a 
watchful  aye  on  the  equipment,  continually  alert  to  the  first  evidences  of 
reduced  function.  In  thie  way  squipsxent  is  constantly  being  treated  for 
ssl which.  If  allowed  to  pereiet,  would  result  in  major 
casualty* 


When  questioned  about  such  preventive  maintenance  activities,  the  elec- 
tronic* technician*  reported  that  they  spent,  on  the  average,  about  13  per 
cent  of  all  of  their  tiae  aboard  ship  doing  preventive  Maintenance,  Chi*  is 
approximately  2D  par  cant  of  their  total  work  tine*  In  addition  the  He, 
particularly  those  with  greater  seniority,  express  a felt  responsibility  to 
train  end  supervise  operating  personnel  in  the  care  and  upkeep  of  the  gear. 
Because  there  was  son*  anticipated  aabigulty  between  operating  and  aainte- 
nanoe  personnel  on  the  responsibility  for  routine  preventive  Maintenance, 
several  atteqpts  were  aads  to  observe  this  division  of  responsibility. 

Equipment  instruction  Manuals  frequently  differentiate  between  operator 
Maintenance  and  preventive  Maintenance.  Che  most  typical  maintenance  re- 
quirement of  radio  and  radar  operators  is  cleaning,  although  in  some  in- 
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itiaoii  their  aalntenancs  responsibility  extends  to  the  correction  of  ‘tube 
•t  foie  failure*^ JfrinrsntiYd  aalntenance.on  the  other  hand,  consists  of-' 
perlodiorontitte  aeohanical  and  electrical  checks'  and  teal  procedures  de- 
‘ eig^ed te  keap  tlit«  e<iaip«ent  continuously  on  the  aff.  Such  procedure#  are 


topically  od^pletad  iy  tkeeleotroiiics  technician,  hot  are  in  some  instance# 
require*  of  operating  personnel,  '/f| 


She  Banner  in  which  the  attitude  regarding  responsibility  for  certain 
classes  Of  activities  differ  a trdm  ship  to  ship  can  he  seen  in  Table  11 

i O 

where  the  percentages  of  men  who'  indicate  being  required  to  do  each  acti- 
vity la  lldleated. 

n-K  - - . • ; - ■ ,w  5 •*  f:  - •'  • ‘ 


■■  -J  - * * ■ - • Sable  'i 

Percentage#  of  Indicated  Or  crop  a Who  Checked  Yarioue  Iqulpeent  Maintenance 
Activities  aa  Being  Either  Bequirsd,  forbidden,  or  Velther 


Bust  Exterior  Boat  Interior 


ST  80 

ED 

EM 

ST  so 

ED 

EM 

fieqnired 

29  7« 

82  . 

75 

45  70 

66 

62 

forbidden 

— . 1 

mm. 

— 3 

2 

6 

- 

Seither 

54  10 

9 

4 

4l  16 

15 

9 

96  SBflponse„ 

17  U 

9 

21 

14.  11 

17 

23  - 

. _ , 

Replace 

Replace  fusee 

Beplace  Tubes 

Soldered  Coaponents 

XI  SO 

ED  EM 

IT 

SO 

ED  EM 

ST 

SO 

ED 

EM 

Enquired 

71  52 

19  10 

74 

44 

5 12 

78 

37 

1 

2 

forbidden 

— 9 

17  15 

— 

9 

37  24 

— . 

15 

42 

32 

Seither 

13  29 

38  46 

11 

33 

32  3« 

10 

25 

30 

36 

So  Beaponse  16  10 

26  29 

15 

14 

26  26 

12 

23 

27 

30 

Slates  of  &rotq>s:  m * S2;  SO  - ll6;  ED  » 202;  BK  « 112. 
(Source:  Job  Qieationnaire,  Itea  So.  29) 


The  Boat  significant  facta  obserrable  here  are  that  ETs  are  leaa  fre- 
quently required  to  do  cleaning  than  are  the  operators,  although  in  no  cases 


-27- 


EBSTRICTED 


m mwm* 

are  they  forbidden  to  do  to*  Very  fur  rtlimn  or  radioaen  ars  required  to 
replace  fuses  or  tubes,  and  a fairly  largo  portion  or#  forbidden  to  lo  so*  . 
Practically  no  BDs  or  KM*  are  required  to  roplaoo  ooaponenti  retiring  sol- 
dering, and  many  aro  forbidden  to  do  so.  The  table  present  sa  elear.  picture 
of  increasing  XU  responsibility  for  activities  aa  they  range  from  routing 
cleaning  operatione  to  working  * inside  the  gear."  The  situation  for  sonarmen 
Ilea  between  that  of  the  technician!  and  the  operators. 

The  dlfferenoee  of  opinion  aaong  off ioara  regarding  the  amount  of  duty 
tfae  electronics  technicians  should  spend  on  preventive  maintenance  are  shown 
in  Table  12*  Xt  is  of  particular  interest  to  note  the  much  higher  estimate 
of  time  stated  by  communications,  engineering,  and  executive  officers  as  com- 
pared to  the  electronics  officers,  and  to  note  that  the  STs  give  the  lowest 
estimate  of  all.,  . 


Table  12 


Opinions  Concerning  Per  Cent  Duty  Time  Xleotronio  Technicians  Should 
Spend  on  Preventive  Maintenance  Stressed  in  Terms  of  the  Median  of 
the  Percentages  Assigned  by  Ieoh  Respondent  Grot# 


1 

Respondent 

Group 

Median  Per  Cent  of  Duty  Time  That  Should  be  Spent  on 
Preventive  Maintenance  by 

70 

ST 

15 

li 

EMC 

22 

12 

CIC 

22 

11 

ACT 

21 

10 

caw. 

45 

12 

OXER. 

22 

7 

CUM# 

26 

12 

EM J. 

10 

EXEC. 

50 

(Source:  General  Qiestionnaire,  item  Vo.  l4) 
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fhe  iaportancs  of  tb»  prevsntiva  maintenance  activities  to  the  welfare 
of  the  general  electronies.pietwe  ca$  feadiljr  be  seen  in  the  responses  of 
elfctronie*  pistol ,,o|fi^fr|  ,)<hoi % tbef  war in  an Inteirriey  situa- 
tion what  thsy  keyto  ffftctive  electronic*  nainteiumos  a- 

» Aoatroyor,  Jhe  |p*V  frequently  aentiqnsd  ^ao^oro  involr- 

. ...  ( ,.,r<...t  .....  ,.+i.;f;  , 


mn,v- 

Abstracted  Answers  of  Ueetroniof  Katjerinl  Officers  to  question  Concerning 
the  tey  to  Effective  Xlooitvnie  Halntsn&ibe  Aboard  A'ltoitooysr 

(10  offloara,  each  gltlng  ajpproxlaately  2 responses) 

•*  - ■*  - »-  ......  ^ , .... 


titSW**-'- . . - 

•••fneeuemat- 

Combining  BD  and  B efforts  in  preventive  maintenance  ‘ x 

' " ••  7%  ' 

intoa  cooper  at  Its  effort  + 

Proper  indoctrination  of  personnel  in  prevent  its 

' . . t ^ 

« ■ ; v ’ r 

maintenance  procedure 

More  familiarity  with  gear  (radio  and  radar  nan) 

_ 3 

letabllshlng  incentive  in  personnel 

2' 

Adequate  supervision 

?)  ' I 

Constant  checking  to  see  that  preventive  maintenance  is  done 

1 

Gopd  prerantlve  maintenance  . 
Cooperation  of  CZC  officer  and  WO 

1 

1 

Instilling  attitude  of  responsibility  in  Bs 
Baiter  trained  more  responsible  personnel 

1 

1 

Put  Bs  in  operations  dspartmsnt 

1 

Adequate  teat  equipment 

1 

Trading  petty  officer  of  B«  should  he  at  least  an  XT/l  . 0 

. 1 

Ona  wgr  to  encourage  an  emphasis  on  preventive  maintenance  la  to  eta- 

ploy  a formalised  Maintenance  teat  schedule.  This  is  simply  a tabulation 

♦ ^ 

of  the  periodic  checks  which  should  ha  made  into  a tine  schedule  according 
to  which  the  tasks  nay  ha  accomplished.  In  an  attempt  to  determine  the  ex- 
tent to  which  such  schedules  were  used,  questions  in  the  interview  were  di- 


rected at  the  present  status  of  preventive  Maintenance;  questionnaire 
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items  Inquired  of  the  frequency  of  regular  inspection*  of  electronic*  equip- 
nent  end  asked  who  prepared  the  maintenance  ''idhefltti** ' Slid  responses  of  71 
eleotronioe  technicians  recording  who  prepared  their  maintenance  schedule 
ie  compared  with  responses  of  eleotronioe  material  offioere  in  Tatle  l4, 
Prom  thie  it  ie  evident  that  the  chief  responsibility  for  organising  pre- 
rent  ire  maintenance  aotiritiee  reete  on  the  leading  electronic*  teohnloian. 


Table  14 

Persons  Who  Prepare  the  Xlectronloe  Maintenance  Schedule 

Tabulated  by  Ship* 

1 ■ > \ * - * 

Persons  preparing  eohedale 

b , — — ,,  — — ■ . — — mmmmm  ■ ■ ■■  — — ■ ■ — ■ 

Leading  eleotronioe  technician 
Xleotronioe  material  officer 
Xleotronioe  officer  end  lead  SC 
lone  ie  prepared 

(Source}  General  Qxestionnaire,  item  So.  28) 

It  waa  the  volunteered  reeponee  (unsolicited)  free  some  technicians  that 
in  aaagr  instances  the  completion  of  the  maintenance  echednle  wae  completely 
perfunctory.  It  wae  riewed  as  "paper  work1  by  tome , or  a matter  of  a few 
check  marks  on  paper.  A few  supervisory  men  were  very  diligent  in  their 
support  of  a systematic  preventive  maintenance  program,  but  the  situation 
was  by  no  -trine  uniform.  Some  of  thie  can  be  Been  from  the  table  below  which 
lists  the  percentage  of  persona  responding  V***  or  "no*  to  the  question 
whether  regularly  scheduled  Inspect  lone  of  equipment  were  made  by  electronic 
material  officers,  and  the  frequency  with  which  they  were  made  if  they 
occurred  at  all. 


S6.  of  Shine 


? 
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Table  15 

' rt  < 

Answer*,  to  <fcw*stion  "Are  Regularly  8oheduled  Xnepeotlon*  of  the 
Ilectronics  Xqulpoent  Made  by  theXlectronios  Officer  e*''  * 


Respondent 

Response 
jfles  Jtoo 

iVOiW 

Response 

_ frequency* 

mug 

Other 

Xleotronioe  Technician* 
Xleotronioe  Material 
Officers 

42  55 

50  50 

r 

3. 

14 

5 

. . . 

. m 

S • * 

, . - - 

■ 4 

v ■*'  ‘ 

(Souroet  General  Questionnaire,  item  No.  27) 

When  asked  to  rank  eereral  claeeee  of  activities  which  STs  could  *n- 
gage  in  when  all  equipaent  is  functioning,  all  groups  of  respondents  in- 
dicated prevent  ire  maintenance  as  the  noet  appropriate*  Other  alterna- 
tives included  (a)  work  on  aaintenanee  records  (b)  participate  in. organs 
ixed  electronics  training,  (0)  study  electronics  publications  and  (d)  en- 
gage in  non-electronics  activities.  Mien  a comparable  question  of  whether 

' ■ • . i 1 * 

there  should  be  one  electronics  technician  who  is  trained  solely  and  speci- 
fically for  preventive  aaintenanee  was  asked,  there  was  a nearly  unanimous 
opposition  stressed  by  the  If  and  electronic  officer  grotqps. 

Before  leaving  the  general  topidrof  preventive  aaintenanee  it  nay  be 
appropriate  to  list  sosm  of  the  activities  which  were  observed  and  which 
fall  into  thle  class  of  behavior;  These  ere  listed  in  Table  l6» 


* Table  16 

Observed  Activities  Which  Pall  Into  the 
Class  of  Preventive  Maintenance  Behavior 


General  Activities 

Periodic  measurements  of  transmitter  power  output  and  receiver  sensitivity 
frequent  determinations  of  ring  tine 

Boutins  equipaent  cleanings 
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Sabi*  16 
(continued) 

« I.n-r  . .■  —II - V HP  li«  ||  ■ il/I.W  H«'«l  m>ii|i  I.  .'I.u.  I Of  HI  JI  . ."I'f'.'ff’T!  * 

K«*piag  of  a log  on  each  equlpmint  la  or  Aar  to  record  tie*  factor*  in 
the  operation  and  upkeep  of  the  equipment 
Boutina  visual  lncpaotlons  of  aqulpment  for  signs  of  physical  damage, 
such  a*  burnsdreslstors,  daaagad  capacitor*,  frayed  insulation, 

' ■ ’f  '■  kinked  aables,  atfc^?*. ■ ■ 

More  Boaoiflo  Act IT it lea  ^ 

idjust  controls  to  see  if  operation  smooth  and  even 
Seat  for  loose  controls,  loose  plugs  in  Jacks 
Scat  mountings  and  tube  aooksts.  Tighten  if  loose 
Clear  air  filters  - ••••.-  r>”  u: . 

lAibrioata  msohanical  noring  parts 

Inspect  nave  guides  •.  o 

Sighten  terminal  board  connections 
Cheak  motor  and  generator  bruskas 

Conpere  front  panel  neter  readings  against  normal  readings 
Periodic  tuba  checks  (keep  an  hours  of  servloe  record) 

Clean  fuse  ends 

Check  snitches,  relays,  and  interlocks  for  general  operation,  burned  or 
pitted  contacts 

Check  calibration* — rai^e  marks,  frequency,  tracking 
Measure  temperature  of  oostirol  ovens  » 

Check  antezma  rotation  for  alignment,  binding,  or  noise  during  operation 


O 


IT.  MdllEKiaCB  SUB-21318:  THEIR  mqpiVCT  AID  CCKPCmST  LXTEL8 


i.  Representativeness  of  the  Stib-taak* 

A deecrlptiom  end  enslyeie  of  the  specific  activities  of  the  electronic* 
technician. nay  be  accomplished  by  use  of  the  card  sort*  She  card  sort  meth- 
od, described  more  fully  ineprevloue  report,  consisted  of  presently  to  the 
technician  a large  number  of  Job  activity  statements  printed  on  individual 
cards  vhlch  mere  to  bo  sortod  in  various  nays*  The  technician  vas  required 
to  make  Judgments  about  the  Job  statements  according  to  relevance,  frequency 
of  performance,  comprehension,  end  skill.  Since  ell  If  rates  participated 
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1b  ths  card  sort,  certain  comparison  nay  be  wd<  between  rate*  or  groups  of 
rates  at  to  the  difftrtnott  in  job  activities.  Trequency  of  ptrfomanot  - 

"f  • ■ ' : •'  . • . * • * '■  * 

and.  cosplexity  level  nay  alto  be  evaluated.  . 

She  card  tort  will  firat  be  used  to  obtain  information  on  the  aotlvi-  ; 

1 ..  , r 

ties  that  are  representative  of  all  Sit*  Zn  the  firet  sorting  of  the  cards, 
the  Ms  were  atked  to  select  all*  Job  activities  they  had  ever,  done  aboard, 
ship*  The  oardt  selected  usually  included  activities  that  were  rarely  done 

• . . s x 

or  Irrelevant;  therefore  the  STa  vert  required  to  refine  the  selected  oardt 
In  a- second  sort  to  activities . that  "bast"  described  their  job.  * It  is  a*» 
noi£  these  activities  retained  by  each  ffl  on  the  second  tort  that  a search 

will  be  made  for  representativeneai  and  for  inferences  concerning  the  con- 

* ..  < < * ' 

non  characteristics  of  the  activities* 

Table  17  lists  the  activities  that  were  selected  by  nearly  all  Us.:  : 
Only  the  results  of  rated  personnel  are  included,  and  only  activities  re- 
ported by  at  least  79J&  of  the  group  are  included.  Shis  high  criterion  of 
selection  (75 % or  acre  indicating  the  activity) . was  chosen. in  order  to  -. 
achieve  a select  list  representative  of  "nearly  all*  Ms. 

. 1 . 

Table  17 


Activities  That  •tte  st"  Describe  the  Sis  Job.  Card  Sort  It  sag 
Selected  by  at  Least  75/6  of  the  Bated  XTs  • 


Mr 

Activity  Stateaents 

Per  Cent 
Selecting 
Iten 

145 

Bead  schenatio  dlagraas 

100 

151a 

Check  circuit- continuity 

100  • 

161 

Beplace  rectifier  tubes 

9* 

157a 

Beplace  fixed  fuses 

- 9f  - 

17S 

Determine  value  of  conponent  from  color  coding 

96 
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Taoie  17 
(oontlawd)^ 


186a 

Measure  tube  transcondootance  with  tube  tester 

225 

Visually  inspeot  tubes  for  gas  -T  : a 

96 

io 

Suns  TD1  manually 

, 95 

1% 

Us#  voltneterJ 

*'l  95 

,159* 

Repines  fixed  resistor 

' > ..  >1  / ■ : ■ i;  \ w ;;v.  y : 

95. 

232a 

Use  shorting  bar 

95 

175* 

' fast  vacuus  tube  for  intermibUaat’  shorts  ? 

93 

182 

Till  out  failure  report  «>■ 

5} 

77 

Repair  teraihal  posts,  plugs,  and  connections 

$1  - 

138a 

Replace  fixed  ospacitors 

91 

Clean  switch  contact  points 

91 

226 

TisUaliy  inspect  tubes  for  open  filament 

91 

142 

Replace  lighthouse  tubes 

«9 

32  - 

Replace  potentiometers 

89 

4 

r"  . t 

Replace  magnetron  tubes 

«7 

l4i 

Replace  indicator  leaps 

2 

2U> 

Measure  ring  time 

■ >8* 

132a 

Check  for  open  00 11 

84 

280 

•Meg  ante'nhn  lines 

84 

155 

Measure  transformer  voltage 

f ' ^ . 1 **  • . t 

82 

25 

Adjust  antenna  coupling 

82 

180a 

Repair  headphone  and  headset 

82 

801a 

Clean  interior  of  equipment 

80 

278 

Measure  transformer  resistance 

79 

65 

Check  crystals 

* 

77 

81 

Requisition  spare  parts 

77 

212 

Replace  transformers 

77 

228 

Obtain  information  from  operators  on  how  gear  broke  down 

77 

79 

Repair  phone  cable 

77 

238 

Replace  crystal  detectors  or  rectifiers 

73 

224 

Visually  inspect  brushes  in  generators 

75 

146  , 

Observe  waveforms  with  portable  scope 

75 

82 

Replace  TR  tube 

75 

further  information  can  "be  gained  >y  coopering  these  representative 
items  with  those  which  were  selected  by  only  a very  few  men.  later  the 
earner  in  which  the  representative  activities  divide  between  high  and  low 
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rat#  croups  will  be  compared,  Tor  example,  table  18  lilts  ths  thirtssn 
activities  which  wars  chosen  "by  only  } of  thpjsen*  or  a1>out‘  firs, per  coat 
of  ths  ST  group. 


v < ... 


t*  iV**» ' *-■ * 


■ ,*».  As  • 

‘ I i'V"  * , * 


i -t  .■ 

""  *f»-  '-*•* 


Table  10 


/ Activities  leleoted  with  Lowest  Frequency. 

(by  3 individuals  only)  , 0 > 


hm' 


Activities 


so 

5? 

& 

106- 

K>7ar: 

109a 

121a 

123 

206 

BOO 


r.-.  4 


T? T* ■ - i.; - 

Rebuild  eleotrio  motors  • ' j , • 

Instill  communications  transmitter 

Wind  coil  **  '■'*  *"  ' V , 

Cowrote  power  factor  . < 

Calculate  output  impedance  of  transmitter 

Compute  Q, 

Repair  coolinc  system  pumpe  end  lines  ip  electronic  fear 
Measure  Q of  individual  circuit 

Compute  shunt  resistance  in  order  to  calibrate  meter 
Coapute  signal  traverse  times  - 

Charge  battery 

Vary  tank  circuit  ospacitance  by  installing  another  fixed 
capacitor 

Replace  tuning  capacitor  in  three  hand  HF  coil 


The  quality  of  "importance*  or  "commonness11  on  the  Job  can  be  observed 
in  another  situation*  These  were  a number  of  activities  shlch  were  selected 
by  at  least  a third  of  the  STs  as  being  part  of  their  jobs,  but  were  later 
discarded  by  half  of  these  men  as  not  "best*  describing  their  job. 
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14 

3 

lapleoe'  aarvO  motors 
Install  coaxial  Ohblee 
Dry  out  wave  guide 

§ 

'21  " ' 

13 

23 

2.35 

*•£ 

55 

Ooapute  oapaoltlve  reaotaaot 

22 

~ ■ 1*  ■ 

2.62- 

72 

Papal r Cooling  ayatan  fane  and 
line*  in  eleotronio  gttf. 

26 

i4 

1 ,<» 

1-9* 

_ .j.. 

120 

Ooapute  real  stance- capacitates 
tint  oonatant 

22 

*4 

2#00  ' 

122a 

Ooapute  reaonant  frtquenolaa  In 
tank  olrouit 

21 

u. 

2.3Q 

139* 

Hake  ntohanioal  adjuatnent  of  worn 
geare  la  equipaent  like  TJ  or  TO 

24 

15, 

M* 

171  ! 

Ooapute  entrant  raqulranenta  in  a 
given  circuit 

28 

1 

15 

. A 

2.621  - 

' **'  • 

207 

Coat  battery  for  low  oelia 

25  ’ 

16 

2.9$  ■' 

•For  detorlptloa  im  tost  following. 

<?  v . 

The  cub  at  amt  ini  drop  la  amber  of  Hi  eeleotlng  the  aotirltlaa  lndleatod 
abort  la  aopported  bj  tha  relatively  low  frequency  with  which  thtat  aotlvi- 

tloa  art  ptrfonaad  (right  hand  colon,  Mbit  19).  Many  Va  hart  performed 

* • - , * * ' < 

j. 

thtat  aotlrltlta  at  oat  tlaa  or  another  bat  apparently  not  oft  on  enough  to 
warrant  ooaaldarlag  than  important  to  tha  K'a  job#  fho  frequency  Indox 

nnabara  given  la  tha  laat  ooloaa  art  avaragee  of  tha  Jndimta  of  how  oft  an 

+ ’ . • - * . ' *' 

tha  activity  la  dona  on  a five-point  acala  with  tha  category  of  *very  often 

dona*  (iron  a ralna  of  9 and  •rarely  or  never  done*  given  a value  of  1#  The 

frequency  index  ambers  given  above  roughly  indicate  that  the  at  actlvitiee 

areMaeldon*  or  •sonatinas*  done.  / 

In  eiuanwry  of  the  eharacteriatica  of  thoae  apecifio  actlvitiee  that  Jf a 

do  not  eonaider  important  to  their  job  the  following  nay  be  noted: 
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Table  19 

Activities  Originally  Selected  at  Descriptive  of  the  Job 
cf  the  £?  cad  Later  Largely  Discarded 


Activities 


Ifuaber  guaber 

teatypa  Sgaaagat 

Selecting  Discarded  Inaes?. 


> X 


Replace  servo  motors 
Install  ooaxl&l  cables  ' :r 

Dry  out  wave  guide 
Compute  capacitive  reaotanoe 
Repair  cooling  system  fansand 
lines  in  electronic  gear, 

Compute  reel  stance-  capaoltafaoe 
time  constant 

Compute  resonant  frequencies  in 
tank  circuit 

Make  mechanical  adjustment  of  worm 
gears  in  equipment  like  IT  or  VC 
Compute  current  requirements  Ik  a 
given  circuit  u 

Test  battery  for  low  cella' 


2* 

UO 

21 

22 

26 

22 

21 

24 

28 

25 


13 
23 
11 

14 

& 

14 

11 

15 

3.5 

16 


1.7s 

2.35 

1*70 

2.621 

1.92 

2.001 

' v 

2.3Q: 

2.36, 

2.621 

2.56 


♦For  description  see  text  following. 

Tho  substantial  drop  in  number  of  Ri  selecting  the  activities  indicated 
above  iu  empported  by  the  relatively  low  frequency  with  which  these  activi- 
ties are  performed  (right  hand  column.  Table  19).  Many  Sit  have  performed 
those  activities  at  one  time  or  another  but  apparently  not  often  enough  to 
warrant  considering  them  important  to  the  IT's  Job,  The  frequency  index 

nunboro  given  in  the  last  column  are  averages  of  tho  Judgment 0 of  how  ofton 

»•?  . , 

the  activity  one  on  a five-point  scale  with  the  category  of  Kvory  often 
donow  given  a value  of  5. and  *raroly  or  never  done*  given  a value  of  1*  ‘ibo 
frequency  index  nailers  given  above  roughly  indicate  that  these  activities 
aro‘"U] .l'.l.v2s  or  *somotima8t>  dono» 

In  svjswary  ol  the  cht ract eristics  of  those  - 2 if  I s activities  that  bTi. 
do  - y:  ;>3ldor  import  i it  to  their  Job  t he  fell  , ■ ■ 1 j bo  1;  to  . 


**>>• 
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(1)  Activities  that  art  usually  don*  in  the  shipyard;  theee  include 

rebuildix*  and  installation  of  equipment. 

(2)  Activities  that  require  test  equipment  not  uwaily  available 

aboard  ship. 

(3)  Activities  o f a computational  nature  that  are  not  need  by  the 

. His  in  these  trouble-shooting  procedures# 

(4)  Actiylties  that  depend  on  certain  types  of  equipment  failure 

th*^  rfurely  occur. 

A comparison  of  two  groups  of  STs  (one  composed  of  chiefs.  firsts,  and 
seconds;  the  other  group  mad*  up  only  of  thirds)  was  node  in  teams  of  the 
differences  .in  selection  of  the  card  sort  activities*  She  actiylties  that 
the  two  groups  have  in  common  hays  already  been  indicated*  Using  a lowered 
orlterion  of  selection  at  fOl»t  those  activities  that  are  *unl<ys"  to  the 
C-l-2  groups  and  thoee  activities  that  are  •unique*  to  the  Jrde  have  been 
singled  out*  When  50)6  or  more  of  a group  selected  an  aotivity  and  lees 
than  50)6  of  the  other  group  selected  the  aotivity,  the  activity  haa  been 
termed  "unique"  to  the  group  with  the  higher  percentage  of  select  ion* 

Using  this  criterion  of  unique^**"  there  were  33  activities  unique  to 
the  C-l-2  group  and  five  activities  unique  to  the  3rde*  Shoes  are  listed 
in  the  following  two  tables* 


Sable  20 


Activities  that  are  Unique*  to  the  Group  Composed  of 
Chiefs,  lets,  and  2nds 


£ of  Group 

Ira- 

Compre- 

Selecting 

wancy 

heneion 

Activity 

Index 

Index 

Item 

Activities 

C— 1— 2 3 

1*3 

Supervise  corrective  maintenance 
actltities 

94  )6 

3*S1 

117 

74 

Instruct  Sis'  in  maintenance  fine  points 

SS  32 

3-7* 

136 

-37- 


HESTRICT2D 


E isrORxmoy 


mu  20 

( continued) 


184 

Supervise  preventive  aaintenanoe  1 
schedule 

81 

46 

}.86 

102 

73 

Inatruct  personnel  in  safety 
precautions 

75 

43 

306 

' 

100 

«3 

Replace  ATE  tube 

15 

46 

2.76 

82 

Measure  output  frequency  of  radio 
transmitter 

69 

36 

3.67 

- 

99 

237* 

Detemine  front  to  hack  ratio  of 
oryetalc 

69 

46 

2.97 

91 

24o 

Synchronise  PPI  sweeps  in  corrective 
aaintenanoe 

62 

32 

2.62 

100 

IX 

Adjust  pulse  frequency 

62 

39 

2.67 

1X7 

|9 

Adjust  local  oscillator  coupling 

62 

46 

36 

3.3* 

113 

60a 

Repair  ohaaeter 

62 

2.24 

82 

76 

Tune  transmitter  under  radio  silence 
using  dnseqr  antennas 

62 

39 

3. 18 

95 

X04 

Replace  helipot  assembly 

62 

25 

2.25 

103 

162 

Mechanically  adjust  seeps  focus  ooil 

62 

39 

3.8b 

«7 

221 

Correct  instruction  hooks  when  field 

62 

39 

2.85 

55 

change  is  made 

62 

- 

223 

Submit  field  change  report  cas'd 

28 

2.95 

58 

1 

Replace  variable  -capacitors  ' 

5§ 

39 

2.33 

82 

3 

Adjust  range  nark  gating  multl- 
vibrator 

36 

2.44 

120 

21a 

Calibrate  range  smackers  according 
to  a flxsd  range  - - 

36 

3*00 

106 

85b 

Reinstall  parts  of  gear  due  to  new 

56 

25 

2.10 

110 

specifications  as  la  making  field 
change 

5f 

2.63 

124 

101 

Align  helipot  tracking 

18 

W5 

Align  synchro  systems 

5$ 

28 

2.21 

117 

164 

Calibrate  radar  range  marks  aooordiig 
to  a given  known  range 

56 

39 

3.00 

105 

170 

Compute  voltage  requirements  in  a 
given  circuit 

56 

28 

2.84 

124 

217 

Make  monthly  report  of  operation  and 
performance  of  certain  electronic 
equipment 

56 

39 

3.79 

79 

273 

Take  inventory  of  all  portable 
testiig  equipment 

# 

46 

2.79 

4i 

274 

fake  inventory  of  ordinary  hand  tools 

56 

46 

2.81 

36 

. 2a 

Synchronise  PPI  sweeps  in  preventive 
maintenance 

50 

25 

2.T9 

103 

22a 

Adjust  number,  of  pulses  of  range  mark 
multivibrator 

50 

43 

. 2.81 

.117. 

88 

Adjust  nagnltude  of  8TC 

50 

21 

3.06 

102 

156 

Measure  oscillator  output 

50 

32 

3.18 

107 

179 

Instruct  radar  operators  in  maintenance 

50 

46 

3.04 

111 

i 191 

Determine  receiver  sensitivity 

-at 

43  

2.81 

*fhe  criterion  of  •unique no •*“  i«  given  in  the  preceding  paragraph* 
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UtirMUi  tUt  Are  Unlqpe  to  tfc#  Group  of  lf-3"  When  thi 
Criterion  of  8«l«otion  is  50  Por  Oont  or  Greater 

v.  , •.  •.  ...  > «.  ••  ; *■  ' • .. «... 


it—  •ifoiwities;'-^  ""  : ‘ , ~ - : • 

1X7*  ifstern&ie'  ^©wdr  output  of  eomihi-  * 75  44  J»86  99* 

tiff"  Ms**  electrical  loudspeaker  ropalri  6®  44  2.67 S6 

33*  Ro^nco  eloctronlcnlly  op  orating  5°  , < 3*  . 2*33 . , 97,  {) 

233*  Check  tho  grounding  of  oiectronios  50  44  . .3*§4  M , 74 

™ by  using  velMeter  • ’ \ 5ii 

239*  Bqplape  of  repair  mechanical  hoping  50  3®  ,.r  , 

,»«*»  . . • , • * ...  • • * . 

■»»  * ' * • T - - ’ 

Tho  first  four  activities  •unique11  to  the  C-l-2  group  hare  to  do  with 
supervision  and  instruction*  In  faet  the  greatest  difference  between  the 
two  groups  of  Ms  for  all  activities  occurs  with  the  top  item  "Supervise 
corrective  maintenance  activities.”  When  an  attempt  is  and*  to  fit  the  ac- 
tivities here  under  the  class  if  ioat  ion  s cheats  that  is  used  in  the  Mamal  of 
for  Advene  ssisnt  in  Bating,  it  is  found  that  although  practi- 
cally all  the  activities  in  the  first  list  are  aspect ed  of  the  C-l-2  group 
only,  four  of  the  five  activities  in  the  second  list  ("unique"  to  3rd*)  ar® 

si  so  expected  only  of  the  C-l-2  group.  In  the  first  list  "repair  ohaseter" 

\ 

is  expected  of  a 3rd  as  well  hat  this  was  selected  by  a greater  percentage. 

‘ ' ■ * x 

of  the  C-l-2  group  as  *best*  describing  their  Job*  This  nay  be  due  to  the 
infrequency  of  occurrence  of  a need  for  such  an  activity  and  the  greater 
chance  for  the  higher  rated  group  to  have  had  occasion  tods  it. 

The  activities  in  the  second  list  are  of  a type  likely  to  be  delegated 
to  a lower  rate.  In  general,  the  tasks  are  sore  routine,  nauy  of  then 
mechanical. 
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It  it  profitable  to  examine  the  above  aotivitlei  from  the  standpoint 
of  the  levsl  of  electronics  coqprehene  ion  that  each  require! t The  Boat 
likely  prediction  would  he  that  the  activities  unique  to  the  0-1-2 ! grotp 
>.  vaulddenaad  more  ooapreheneion  than  those  for  the  3rde.  To  cheok  on  this 
the  oosprehension  level  scores  (as  judged  by  the  ITs  themselves t see  Report 
Eo.^2  of  this  series  for  details)  for  the  aotivities  unique  to  each  group 
were  arranged. into  frequency  distributions!  Table  22*  These  data  indioate 
that  most  of  the  activities  "unique"  to  the  higher  rates  are  in  the  upper 
half  of  the  oostpreheneion  soores,  whereas  the  aotivities  of  the  lower  rate  f 

: # j j 

cluster  about  the  center  of  the  oomprehenaioh  scale*'  She  conclusion  can  be 
aede  that  activities  unique  to  the  0-1-2  group  tend  to  require  more  than 
average  comprehension. 

, , , . t t * . 

Sable  22 

Comprehension  Level  of  Activities  Unique  to 
. High  and  Low  Rate  Groups 


Distribution  of 

Bo.  of  Aotivities  .Undone 

Jo*  of  Activities  Unique 

Comprehension  Scores 

to  C— 1— 2' Group 

Highest  Qiarter 

12 

Third  (garter  * 
Second  Quarter 

12 

5 

2 

Lowest  Quarter 

4 

3 

Frequency  of  Performance  of  8ub- tasks 

k presentation  of  the  specific  activities  rated  highest  by  the  Iff  group 
for  frequency  of  performance  is  made  in  Table  23*  Shirty  activities  are 
given  in  rank  order*  The  ranking  is  based  upon  the  frequency  index  number 
of  each  activity  computed  as  an  average  of  the  judgments  of  the  IS  group. 
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Table  Z5 


Hot  frequently  ierforaed  Maintenance  Activities 


Item 

;*i •*  . -•  t -■  nr.*  . ' ■ •;  • .'.V  ' • » 

, . ; 

frequency 

ut 

Read  schematic  diagrams  % . , .. 

m 

Measure  tube  transconductaaee -with  tube  teeter 

147 

Use  voltmeter  . 

4.61 

lT5h 

feet  vacuum  tube  f6r  intermittent  Ports'  by  rockiag  It  In 

4*49 

tube  tester 

v - ** 

151a 

Gheok  circuit  continuity 

^.43 

178 

Determine  value  of  coeponeht  from  color  coding 

226 

182 

Yleually.  Inspect  tubee  for  open  filaafnt 
fill  out  failure  report 

‘^jff 

225 

Visually  inspect  tubes  fqr  gas 

81 

Requisition  spare  parts 

4.14 

232s 

Use  shorting  bar 

yi 

157a 

Stplace  fixed  fuses 

4,o6 

99* 

Chick  tube  for  gaseous  breakdown  by  meter 

4.00 

210 

Measure  ring  time 

3**9 

169 

Vary  tank  circuit  capacitance  with  Variable  capacitor 

3.87’ 

90 

• Tune  CSS  manually 

' 3.*7 

184 

Supervise  preventive  maintenance  schedule 

3*86 

117* 

Determine  power  output  of  oo—nnlcat ions  transmitter 

3*86 

222 

Xesp  file  of  stock  tally  cards 

3.85 

211 

Use  RF  signal  monitor  to*  determine  transmitter  frequency 

3.84 

161 

Replace  rectifier  tubes 

3.82 

183 

Supervise  corrective  maintenance  activities 

3.81 

217 

Make  monthly  report  of  operation  and  performance  of 
certain  electronic  equipment 

3*79 

74 

Instruct  XTs  in  maintenance  fine  points 

3.78 

25 

Adjust. antenna  coupling 

3.76 

98a 

lstlaate  and  check  to  see  whether  frequency  is  within 
desired  limits 

3.75 

53* 

Measure  interelectrode  capacitance  by  means  of  tube  checker 

3.75 

i87 

Review  records  for  possible  cause  of  failure 

3.J4 

l4i 

Replace  indicator  laaps 

3.47 

63 

Measure  output  frequency  of  radio  transmitter 

3.67 

180a 

Repair  headphone  and  headset 

3.66 

♦Location  of  the  item  on  a scale  ranging  fro»  1.00,  very  seldom  or 
rarely  done  to  5*00,  very  often  done. 


✓ 


-4i- 


RESTRICfKD 


WMbmm 

The  first  12  Activities  correspond  closely  with  those  of  Table  17  which 
listed  the  activities  whioh  were  designated  by  the  largest  percentage  of  the 
IT  group.  This  supports  the  general  conclusion  that  the  tasks  which  are 
done  by  the  most  people  are  also  the  tasks  which  art  s»ost  frequently  done* 

0.  Comprehension  Levala  Of  the  AotiT.lUei 

i ; * ; . ,*  • • V ' \ 

‘'.The  card  sort  aotivities  are  exaninsd*  below*  in  terns  of  the  ecmpre- 

. 1 » > •'  4>-  * 1 

hens ion  that  is  required  in  their  performance.  The  question  of  the  level  of 

* 

eleotronios  ooaprehsnsion  was  mentioned  in  a previous  section  in  connection 
with  the  aotivities  "unique*  to  the  C-l-2  group  and  those  "unique"  to  the 
3rds.  Here*  all  the  aotivities  that  meet  the  criterion  of  selection  hy  at 
least  three  individuals  will  he  oonsidered.  There  are  20$  of  then*  ' 

i 

v It  had  been  hoped  to  get  independent  aeasures  of  both  the  degree  of . con- 
prehension  and  the  amount  of  skill  required  to  accomplish  the  aotivities* 

f • ,-* 

* i 

Although  comprehension  and  skill  were  defined  at  length,  and  examples  of  the 
differences  involved  were  given*  the  ITs  seemed  to  make  little  distinction 
between  the  two*  llther  the  measures  were  not  defined  clearly  enough*  or* 
if  the  data  is  to  be  accepted  at  face  value*  there  is  no  real  difference  be- 
tween, the  comprehension  and  skill  required  for  most  activities.  . 

In  order  to  get  a better  estimate  of  the  amount  of  relationship  between 
the  comprehension  and  skill  Judgments*  a tetrachorio  correlation  wee  computed. 
The  following  procedure  was  used*  Score  distributions  were  made  of  the  20$ 
activities  for  comprehension  and  skill*  and  the  midpoint  of  each  distribu- 
tion was  determined.  On  the  basis  of  the  score  given  by  each  midpoint  any 
activity  could  be  tallied  for  whether  it  fell  in  the  upper  or  lower  half  of 
comprehension  and  the  upper  or  lower  half  of  the  skill  distribution.  The 

tetrachorio  correlation  computed  in  this  way  amounted  to  .96*  In  view  of 
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this  high  correlation  value  it  vts  that  essentially  tho  seat  standard 

ft  , , 

Jfaa  uiad  .lg.  Jttdg&gJhA  activitiss. 


l [*  l .2  . • / 

•oalo  war  considered  further. 


this  reason*  only  the  comprehension 

V -X'  ; V"  . 


"r 


V ,v  - V»  , < * 


r /,•  In  examinii*;the  comprehension  lsv?jl  of  certain  actlri.tiiw  **  heconee 

neoessary  to  cheofc  for  a possible  relation  between  the  Judgments  of  ‘ 

, / J , \ ^ J > * J t.‘%  {JjV^  ■ ../vt  | * ■ -<•*../  l.'  V*  \ \ 

prehension  level  and  the  degree  of  familiarity  of  the  aen  with  the  task.  It 


> ■ ! 


islikely  that  tasks  which  are  Infrequently  done  aay  he  Judged  differently, 


. itV.V 


from  thoee  which  fan  4°  f*etu§etlyt -.Shorefore^.ln  the  dlscu#«ion  which  i 

7ff  ’ t*  • vx*i  • »’•  :,Ut-  | 

follows*  the activities  are  dlridsd  into  two  classes  or  stAngroupst  j those 


V f ( 


■ore  frequently  d^ae  end  those :less  frequently  done# 


& 


Tirst,  the  activities  hare  been  arranged  in  order  of  the  electronics 


•?*»  “■««'! 


r ’V 


comprehension  that 'they  arejudgsd  to  require#  ..The  highest  and  lowest  25  , 
per  cent  of  the  iteas  hare  been  separated  as  illustrative  of  hlgi  and  low 

■ . - \ J*  ..  - #*f  *Jr  w , ; ia*  . **V  t S>V.*  } ' VJ  . 

comprehension  levels,  fable  24  lists  activities  receiring  highest  ceqpra- 

, , i : < . . ' _ i , 

hens  ion  ratings  which  were  also  ssleoted  by  sore  than  2SJf>  of  tho  Us;  and  , 
Table  25  llete  the  high  cowpruhaniion  iteas  which  were  selected  by  lese  than 
one  fifth  of  the  aen,  Cosperable  data  for  the  activities  receiving  low  com- 
prehension ratings  are  given  in  Sables  h6  and  27  • 


Ssble  24 


Activities  in  the  Highest  Qaarter  of  tho  Comprehension  Eatings 
Which  Here  Also  Selected  by  More  than  20  Per  dent 

of  the  Ken  as  Representative  of  Their  Job 


So.  of  Us 
selecting  itea 

Cosprehen- 
sion  Rating 

Itea 

Activity 

as  part  of  Job 

Score* 

V} 

Instruct  Ms  in  a&intenance  fine  points 

23 

136 

2l6b 

Check  frequency  spectrum  of  magnetron 

13 

128 

170 

Cosgmte  voltage  requirements  in  a 

given  circuit — r— • — 

25 

124 

RESTRICTED 


jj^lf^MrORMATira 


Table  • ' 24  * 
(continued) 


;; . . u ’ .. 


C ’f  ;> f ■ ? 


JW 


171 

* Compute  current  requirements  in  a given 
circuit 

13  J. 

- \ . ■ !*  ■ : ■ • . 

124 

■■  v-  • 

101 

Aligx^  helipot  trying  . . . . 

W 1.  . 

124 

33* 

neutralise  or  bkliuoe  power  of  amplifier 
Stage  by  neutralising  capacitor 

u • * ia 

188 

Draw  schematic  diagrams  » v;  1 

■ • 27  * ' • 

m 

3 

* J . 

U5 

Adjuat  range  mark  gating  multivibrator 

• »i  ’ *»'  '•  '.*«?  ' i - V ' >.  l -V  ’ ! 

Align  superheterodyne  raoeiver 

25 

f • i'  t 

33 

,r  120 
m t 

71 

Hatch  impedance  oftranimlsslon  llna 

14  ’ 

' 118 

18a 

Vary  (aat)  pulse  width 

19  , 

11*  > 

183 

Superviseoorrsotlva  maintenance  activities 

27  : ' 

117 

105 

Align  aynchro  ayatema 

* f - ' . ■ • *.n  ' . • . 

: « .. 

117 

x 

11 

Adjust  pulae  frequency 

27 

117 

22a 

Adjust  number  of  pulses  of  range  mark  1 
multivibrator 

1 -27  • 

117 

m 

Reed  aokemetie  diagram  ’ 

65 

•'  U6 

191 

Pet trains  receiver  sensitivity 

27 

116 

172 

Measure  receiver  performance  with  Signal 

34  - 

115 

1 • 

generator 

58" 

Measure  signal  to  noise  ratio  using  scope 

13 

114 

Trace  signal  by  means  of  scope  ' 

39 

114 

153 

Trace  signal  by  means  of  vacuum  tube 
voltmeter 

17 

ll4 

*»  t 

119 

Adjust  local  oscillator  coupling 

29 

113 

20 

Adjuat  bias  of  transmitter  timing  thyratron 

U 

113 

Check  circuit  continuity 
Repair  ohaaeter 

65 

20 

113 
, H2. 

113 

Adjust  transmission  line  slugs 

15 

112 

*Por  a detailed  description  of  tbs  Banner  in  which  this  conprehension 
score  was  achiered  see  Technical  Report  So*  2,  of  this  series. 

Table  25 

i • ' * ‘ 

Activities  in  the  Highest  (garter  of  the  Coa^rehension  Ratings 
Which  Were  Selected  by  Less  Chan  20  Per  Cent  of  the 


Item 

. 

Activity 

Ho,  of  ETs 
selecting  item 
as  part  of  job 

Comprehend 

sion  Rating 
Score 

51 

70b 

Compute  distributed  capacitance 
Match  impedance  of  transmission 
lines  other  than  with  lug* 

I 



22 
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Table  25 
(eontlsned) 


209"b 

* 1 * 1 . 

Compute  timing  sequences  in  eleetronios 

6 ; , 

VS  ■ 

2l6s 

circuits 

* ' 

Check  frequency  spsctrum  of  tank  circuit 

3 

131 

19* 

Compute  injptdaaoe  requirements  of  a given  ‘ 

; 7 

129;'  ■ 

circuit 

. ' 

‘ ' ; , • 

6ga 

Calculate  output  impedance  of  transmitter  ' 

3 ‘ 

120  V 

122a 

Compute  resonant  frequencies  in  tank  circuit 

i° 

12b 

130a 

Measure  selectivity  (hand  pass)  of  oonatt* 
nioations  receiver 

12  . 

12$- 

131a 

Check  standing  waves  with  scope  or  voltmeter 

8 \ 

123 

125 

Compute  amplification  factor 

6 

133 

52 

Calibrate  multimeters 

8 ■ 

123, 

122 

75 

Measure  percentage  modulation  using  an 
osoillosoope 

u 

» 

15 

Repair  anplidyn* 

7 

• 121 

103 

Balance  phasing  bridge  circuit 

9 

120 

213 

Measure  pulse, width 

10 

118 

37 

Match  impedance  in  double  slug  transmission 

8 

118 

123 

Compute  signal  traverse  tinea 

3 

111 

255 

Repair  range  indicator  recorders 

8 

115 

ns 

Measure  output  Impedance 

9 

Hi 

75 

Use  panoramic  adapter  to  determine  frequency 

5 

114 

126 

Compute  standiiME  wave  ratio 

10 

ll4 

55 

Confute  capacitive  reactance 

8 

113 

56 

Compute  power  factor 

3 , 

113 

109a 

' 

Measure  of  individual  circuit 

3 

112 

fable  2 5 


Activities  in  the  lowest  (tyurter  of  the  Cosprehenelon  Eatings 
Which  Were  Selected  by  More  Than  20  Per  Cent  of  the 

Men  as  Representative  of  Their  Job 


« 

*0.  of  XTs 

select  iaT"item 

Item 

Activity 

as  part  of  Jof> 

Score 

142 

159a 

192a 

278 

77 

Replace  lighthouse  tubes 
Replace  fixed  resistor 
Measure  generator  voltage  output 
Measure  transformer  resistance 
Repair  terminal  posts*  plugs*  and 
connections 

g 

69 

* 69 

68 

J*5- 
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Table  26 
(contimed) 


158* 

Replaoe  fix*d  capaoitore  . 

27  ■ 

ft 

1004 

Inspect  for  moiitur*  leak*  la  eleotronio* 

32 

bb 

|MT 

Clf*a  duplexsr  with  solvents 
Visually  impact  tube*  for  open  filament 

55  . ;; 

isj  1 

Till  oat  installation  record 

15  . . 

182 

Till  oat  failure'  report 

f "" 

64  ; 

175*: 

fait  vacuum  tubes  for  intermittent  abort*  by- 

61. 

,,  ft 

rooking  la  tab*  teeter 

170 

Determine  T&lue  of  component  from  color 

ft  < 

,,f.  1 bl  . . 

f 

ooding 

» • . 1 • 

''  6o 

, ft'- 

• ,r  . 

185»> 

Replace  blower  fane  In  electronic  geyr 

, 1/  - •>  • 

l6l  : 

Replace  rectifier  tubes  r 

, ft 

45 

Check  antenna  for  binding 

18 

59 

232* 

Use  aborting  bar 

6f 

99 

277* 

Check  contixsilty  of  transmission  line*  with 

36 , 

99 

ohmmeter 

t 

» 

223 

Submit  field  change  report  card 

58 

57 

220 

Meg  antenna  line* 

79ir 

Repair  phone  oahle  • - • • 

3 

199* 

Clean  avltoh  contact  point* 

% 

201* 

Clean  interior  of  equipment 

193 

Repair  bruahea  In  motor* 

53 

5** 

Clean  or  polish  ferruled  reslator 

51. 

81 

Requisition  apare  part* 

50 

51 

ig* 

Replace  broken  Interlocks 

27 

51 

Replace  bruahea  In  generator* 

51 

173 

Inapeot  tube  pins  for  burning  or  corrosion 

S 

272 

Taka  inventory  of  all  spar*  parts 

48 

174 

Inspect  fuse  and  reslator  dips  far  pitting 

MS 

l4o 

or  burning 
Lubricate  gears 

37 

222 

8 

leap  file  of  stock  tally  cards 
Lubricate  bearings 

62 

44 

44 

157* 

Replace  fixed  fusee 

42 

102 

Lubricate  shaft  coupling* 

22 

4l 

273 

Take  Inventory  of  all  portable  testing 

29 

4l 

229* 

equipment 

Check  spare  parts  bins 

39 

3 

96 

Clean  air  filters 

33 

3p 

34 

243 

l4i 

Clean  exterior  of  electronics  gear 

3f 

Replace  indicator  laqps 

54 

34 
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. 27 


Activities  in  ths  Iowa  «t  (fciartsr  of  ths  Coaprsbanaion  Eat  inf  a 
bhioh  Wore  Selects!  V Xi'i»  Than  20  fit  Cant  of  the 
;■  Men  sa  Bepresentatlve  of  Their  Job  ' 


i‘  > . ‘ ' . ~ ■ V '< 

Lo.  of  Me 
isieotlnr  ltsn 

.*•  • ’ . >:*,  ;■  ■ “ 

• 

* ‘ 

Activity  

u fiarfofTol 

fldory 

r ■ . ■ 

107a 

Hapair  cooling  systaa  puaps  and  lints 
in  electronic  gsar 

3 

66 

218 

Lubrioate  spur  gears  in  ITT  coordina- 
tor and  indicator  unit 

. 5 . . 

65 

t * , 

48a 

. Drain  coaxial  transmission  lines 

6 

§5 

60 

206 

Charge  battery 

3 

itg 

Dry  out  . wave  guide  V. 

10 

6p 

72 

Repair  cooling  syetem  fans  and  linas 

12 

99 

. 

in  elect ronio  gear  , 

99 

207 

Test  battery  for  low  cells 

9 

265 

Repair  hoist-lower  systems  on  sound  headi 

■ 5 

39 

Tha  Boat,  striking  faatnrss  of  thsss  tables  are:  (a)Nost  of  the  Ms* 

tasks  (those  which  are  perform!  by  the  aost  people)  are  Judged  to  involve 
a snail  aaoont  of  ooaprehenslon.  This  can  be  seen  by  comparing  Tables  24 
and  25.  (b)Host  of  the  actlrltles  which  Involve  coaputatlon  or  calculation 
of  values  are  rated  high  in  aoaprShanslon*  However,  they  are  also  not  high-* 
ly  representative  of  the  job  in  the  sense  of  being  chosen  by  a large  percent- 
age of  the  XTs  (note  Table  25)  • (c) There  Is  a definite  relation  between  the 

rated  conprehenalon  level  and  the  frequency  with  which  the  tasks  are  per- 
formed. Of  the  activities  that  are  not  frequently  done,  more  are  rated  as 

* 

high  in  cosprehension  than  are  rated  low.  (d)The  activities  which  Occur 
predoninately  at  the  lover  end  of  the  cosprehension  scale  involve  the  re- 
placement of  components,  the  cleaning  and  lubrication  of  equipment,  and  the 

keeping  of  records  of  repairs  and  stock,  (e)Batings  high  in  comprehension 

• - . ....  * 

were  given  to  the  tasks  of  alignment  and  the  more  delicate  adjustments  of  the 
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equipnent ; also  to  instruction  and  supervision. 

*h*  relation  of  the  rate  of  the  aes  and  the  oonprsfaeneion  level  of  the 
activities  representing  thsir  job  was  disoaiisd  esfller,  Table  22.  This  can 

j,  ‘K  1 " • ' • ),•  ■'  _ 

l>*  evaluated  in  still  another  mgr  through  tha  use  of  a oorralation  co offi- 
ciant. lach  card  tort  activity  can  to  considered  aa  a ease. ‘and  ,a  frequency 
distribution  can  to  made  for  eadh  of  tto  two  rate  grOtips  ( 0-1-2.  and  3)  ar- 
ranging the  iteaa  according  to  the  mater  of  aen  eelectii*  each  act  ivity  aa 

'-r,  j ■ ' v*~ 

"test"  deacriting  their  jot.  This  ptraiis  dividing  the  iteaa  into  two 
classes:  one  ^representative”  of  the  rate  group,  the  othtr  •hot  representa- 
tive” of  the  rate  group.  Che  iteaa  can  he  divided  into  a second  dichotoay 

■ : ' ’ ••  J try.  ' , 

according  to  the  scores  on  the  comprehension  rating. 

This  provides  the  aaterial  for  construotlig  a 2 * 2 tatle  for  each  rate 
gronpF  correlating  iteaa  which  are  high  or  low  in  representii*  the  jot  with 

* * ’• . * » *1  ' * 4 , i ' , 

those  which  have  high  or  low  comprehension  score  (each  group  aplit  at  the 
•edian).  Tetrachorlc  correlations  thus  received  are  -.37  for  the  C-l-2 
group  and  -,53  for  the  3rds  group,  They  show  a tendency  for  low  oonprehao- 
aion  ratings  to  he  characteristic  of  the  activities  which  are  aost  often 
choeen  1 y *oth  groups,  there  appears  to  te  a stronger  tendency  for  the  low- 
er rate  group  to  have  aore  lower  comprehension  activities  since  the  — 

tude  difference  between  the  correlations  is  in  that  direction  (that  is,  the 

* 

e 

negative  relationship  is  greater  for  the  3rds  than  for  the  C-l-2  group), 

Dils  suggests  rephrasing  the  conclusion  (a)atove  to  read:  Most  of  the 
Ms  tasks  are  judged  to  involve  a snail  aacunt  of  comprehension,  and  the 
tasks  representative  of  the  low  rate  group  involve  lover  comprehension 
those  of  the  high  rate  group. 
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▼.  MAflBIAl*  fAOTQHfl  I8TLUW0I*}  BVAXK 

Any  repair  that  occur*,  whether  it  he  completely  or  only  partially  u 
successful,  is  fundamentally  dependent  upon  various  aide  that  an;  electronics 
technician  uees  in  the  course  of  his  maintenance  aotlylty.  %f  it  can  he; 

,<  ..  . ,,  t . . . , , i.  ''  *VJ  ? * 

assumed  that  the  man  trying  to  ef  foot  the  repair  is  trained  , in  the  theoretical 
aspects  of  his  job,  shat  are  the  additional  factors  that  directly  influence 
the  effectiveness  of  the  repair! 

first,  the  adequacy  and  availability  of  the  different,  types  of  tools 
that  he  uses  must  be  taken  into  consideration*,  fools,  in  this  case,  ere 
considered  in  the  ordinary  sense  of  the  word,  that  is,  a group  of  inetrur 

i * ■ * ' ' . 

meats  which  include  screwdrivers,  pliers,  wrenches,  and  others  of  the  same 
general  nature.  Another  type  of  tool  which  is  equally  important  1*  usually 
referred  to  as  test  equipment* 

In  addition  to  these  instruments  which  are  used  in  direct  contact  with 

« • . * „ 

the  equipment,  there  are  a number  of  additional  aide  which  are  intended  to 

contribute  to  a repair  Job.  Squlpment  records  and  publications  are  sources 

/ • * * 

of  information  that  msy  guide  the  electronics  technician  in  the  right  direc- 
tion at  a very  early  point  in  his  maintenance  effort  or  act  as  guides  for 
preventive  maintenance. 

The  physical  space  within  which  a technician  nay  work,  its  adequacy  and 
availability,  as  well  as  the  problems  encountered  in  obtaining  spare  parts  to 
correct  defective  equipment  must  also  be  taken  into  consideration  if  a real- 
istic picture  of  the  electronics  technician1 a repair  activity  is  to  be  ob- 
tained. 


liQ 
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The  three  natfer  dialnioBiOf  this  discussion* , naaely  (A)  work  ipioti 
and  spare  parts,  (B)  publications  and  records,  and.(C)  tools  and  tast  equip- 
■ant  ars  squally  Important  as  far  as  their  relationship  to  rspair  Is  oon- 


■i 


-■i  ,>■ 


osrnad  although  tha  degree  to  which  thair  prasanea  or  absence  affected  sain- 


***.  i J * 


ii'*;  i,  ‘ t * v 7 ’ . ! v . , '*  * v > M *.  '*•  * ’ • *,  : 

tananoa  raried  cons idar ably  aaong  tha  ships  studiad  India  coorsa  of  tha  pra#- 
ant  rssaaroh.  In  sons  caves,  oaintananoa  was  a wall  oontrollad  function 

VM  1 4i  •I.-’’:  i*-  '• ;T  . » - i-  f 'f;  '10  f.'::’ 

although  raoords  wars  not  kept  up  and  tools  and  tast  equipaent  ralat  Italy 

- v.  '■  ^.v. #•,.**  r-'  C.-1‘ 

inadequate.  In  othar  casas,  tools,  raoords,  and  work  space  • wars  optiaua 

for  affioiant  rspair  yat  tha  sqpiipaant  was  down  a considerable  portion  of 

, .•  . ,.\  *•  r ■ . ' ■ i r.  *«,  ’ ••  • v • • * 

Its  usual  oparating  tine.  Tha  naintananoa  plotura  for  post  of  tha  shlpa. 


..  f 


however,  is  found  sobs  where  between  these  two  extremes 


Utah  Jbacsn  and  Inara  Parts 

One  of  tha  first  considerations  for  tha  alectronlos  technician  is  the 
problsa  of  a work  paoa  or  workshop.  The  attitude  of  all  ef  tha  technicians 
,1a  tha  aaapla  was  investigated  with  a question  in  tha  gaaaral  questionnaire 
which  naked  the  technicians  and  tha  electronic  ant  trial  officers  to 
onto  whether  or  not  an  alectronlos  workshop  via  absolntaly  essential  on  a 

i 

destroyer  or  destroyer  escort*  Sable  20  suanarises  tha  responses  to  this 
ltaa. 
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Opinion*  at  to  hhethsr  or  lot  on  llootronlot  Workshop  It  ltttntlmX 
on  Deetrojreroani  on  Destroyer  laoorti  Hapreosed  interns 
of  tht  Percentage  leleotlng  a Giron  Response 


■ 

Respondent 

Groups 

Designation 

Workshop  Ssoantlal 
on  DD 

« free  i*>  frR* 

Workshop  Its  ostial 
' • on  238 

free  fro  frR 

71 

12 

IT 

mo 

92  * 0 

• 100  0 0 

•l  w J 

5*  © >« 

♦HR  b ho  Response 

(Source*  Gtntrtl  (feeotlonnAlro,  lien  Ho.  10) 


It  It  readily  apparent  thnt  tho  great  majority  felt  tht  nttd  of  a work 

I * * . 

i * • * " 

■pacs  primarily  dasignatsd  for  oloetronlea  toohniolAna.  In  foot,  tho  eleo- 
tronioa  aatsrlal  offloers  tort  unaninotts  In  thoir  opinions  regarding  DDt. 

A rtrltv  of  tho  data  flhova  that  aneleotronloi  workshop  vu  available 
for  tho  toohnioiaaa  on  wot  ships  observed.  Tht  physical  else  end  location 
of  thoao  workthop t,  however,  roriod  considerably.  Ifcether  or  not  tho  ox- 
iotenoo  of  a workshop  was  a probleoi  woo  Also  investigated  And*,  as  ooa  ho 
ooon  fro«  tho  telle  below,  tho  eltorastlve  *no  electronics  rtpsir  Shop*  woo 
noithsr  tho  wot  nor  tho  looot  oorloao  problen  feeing  olootronioo  toahniclsno. 

On  tho  othor  hood,  rotponoot  girth  to  questions  in  tho  goaorol  intorrlow 
included  muoeroas  reference*  to  difficulties  imrolring  tho  work  shop,  gor- 
orol  of  tho  electronics  technic  isno  felt  thot  a crowded  work  specs  was  a 
definite  factor  standing  in  the  say  of  thoir  doii«  a hotter  Job.  Others 
felt  that  tho  lock  of  shop  facilities  a Halting  factor  ^jhil*  s few 
stated  that  tho  distance  of  tho  workshop  from  the  electronics  gear  reduced 
their  efficiency.  In  addition,  one  of  the  electronics  notarial  officers 

felt  that  the  lack  of  a work  shop  stood  in  the  way  of  his  doing  a better  Job. 
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At  » further  consideration,  tht  electronics  technicians  vers  asked  to 

* , * . 

Indloate  what  tht  chief  function  of  the  workshop  should  he*  Your  alt  erne- 
tire  ■ were  provided  in  the  general  questionnaire  and  two  were  selected  most 
frequently* 

Table  30 


Opinions  .Concerning  >Jhat  the-  Chief  function  of  an  Xlectronlos  Workshop 
* ' Should  be  Expressed  in  Terns  of  the  Percentage  of  a Respondent 
Group  Selsottng  a Given  Response  ; 


Respondent 
Groups . 
H Detig. 

% Selecting  the  Chief  function  of  a Workshop  to  he  a: 

Hdqtrs* 
• for 
‘Its  - 

Plaes  to  Work 
on  Brokan 
Gear 

Store  for 
Teet  Equip . * 
Tubes*  eto* 

Place  to 
Stand  XT 
Watches 

i Giving  ‘ 
»o  V‘ 

Response 

. • - 

71  : 

• * 

S 

'•52 

. ‘32 

* ’ 0 

‘S' 

12 ' * XMO 

• 9 

33 

;0 

Q 

15  01C 

7 

27 

^6 

•0 

ao 

14  -ASV 

• 0 

21 

64 

0 

■15 

13  COM.  • 

' 0 

23 

69 

■ 0 

s 

.13  QPRR. 

1.5 

62 

15 

0 

8 

18  OUH. 

0 

22 

50 

0 

22 

12  BB. 

0 

33 

0 

17 

11  SXBC. " 

• 10 

45 

5? 

0 

0 

(Source:  General  ^lestionnaire,  item  Ho. 11) 


Most  of  the  technicians  and  officers  felt  that  a workshop  should  be 
either  a place  to  take  broken  gear  to  work  on  or  a central  roon  for  test 
instrunents,  power  supplies,  parts*  and  tubes*  Most  of  the  repair  shacks 
observed  were  found  to  function  in  either  or  both  of  these  capacities. 

More  than  half  of  the  electronics  technicians  indicated  that  they  were 
responsible  for  the  ordering*  storing*  and  inventorying  of  electronic  spare 
parts  and  almost  fifty  per  cent  reported  being  responsible  for  distributing 
and  maintaining  a full  allowance  of  these  parts.  The  technicians  felt  that 
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*Opnre  part*  diff ieultles*  was  ths  nost  frs<j usnt  contributor  to  sxcessive 
shutdown  tine  of  electronic  gear  a*  shown  in  Table  31, 

Table  31 


Opinions  as  to  the  Most  frequent  Contributor  to  Successive  Shutdown  Tine  of 
Sleetronie  Gear  Impressed  in  Terns  of  the  Median  of  the  Ranks  designed 
By  the  Menbers  of.  a Respondent  Group* 


Respondent 

Groope 

H Desig, 

Median  Rank:  Asslr  ad  to » 

Insufficient 

Preventive 

Maintenance 

Mare  - 
Parts  Dif- 
ficult 1st  , 

Poor  ChojHUL- 
ftation  RitVeen 
Ship**  Depta, 

ItisnpdrS*. 

fuoed 

Personnel 

Careless- 
ness of. 
Personnel 

69  if 

12  END 

13  cic 

9 AMT 
12  OQMC 

7 one. 

10  Gtp. 

11  XHk 

10  me. 

2.8 

ii$ 

1.9 

1.7 

2.2 

1.75; 

1.2 
1.2 
1.9 

2*3  . 

4.5  . 

2.6 
3*Q 
3*5 
1*5 
3*8 
4.2 
2.0 

4.0 

u • 

- 418 
4.2 
4.4 

, M ; 

4.2  ! 

4.8 

M 

H 

2.6 

2.6 

1.8 

2.3 

2.3 

3.0 

24 

>£i 

3*5 

3*9 

3*2 

i:l  ; . 

R.5  • ' 
2.8 
4.0 

A . I < V 

•Most  frequent  contributor  was  ranked  1;  least  frequent  was  ranked  6. 

(Source:  General  Mestionnalre,  iten  So*  29)  \ 

1 

The  category  * spare  parts  difficulties*  if  general  to  cover  al- 

nost  aqy  aspect  of  the  spare  parte  situation.  However,  the  fact  that  it  was 
ranked  first  by  the  electronics  technicians  warrants  a sore  detailed  study* 
Questions  Involving  spare  parts  could  range  fron  *How  are  spare  parts  ob» 
tainedT*  *8b ere  are  they  stored?*  and  *dre  there  •n/Tn£*  of  then  to  cover 
nost  Maintenance  johsT*  to  a consideration  of  the  quality  of  the  parte  which 
are  available*  Only  a select  few  of  the  possible  questions  were  asked  during 
this  study,  and  a number  of  responses  related  to  these  are  worthy  of  note. 

Heither  the  electronics  technicians  nor  the  electronics  acterial  officers 
felt  that  the  lack  of  spare  parts  was  a serious  problem.  In  fact,  almost 
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half  of  tho  off  icon  indicated  that  tty?  fait  It  to  ha  tha  laaat  serious 

* . f ' • 

* 1 **  ' 1 'it 

problsm  (fable  ?9).  Befepfnce  to  tha  preblea  ofepars  part  a occurs  in  «oaa 
of  tha  other  data  obtained* ' In  tha  general  interrlaws,  electronics  techhi- 
ciana  occasionally  rafarrad  to  *ar»  part r diff ibSltifs  as  a!  faster  affeot- 

* ' ' i 1 ’ ^ f i ' * ‘ J ” *'  ' * * ” ^ ^ **>  * * ’ 

lac  thair  effioiensy*  Shay  mentionadspeoifically  slowness  dn  procuring 

. * - . v # ♦ * ’•  - P t • 

ordarad  part*,  lack  of  apara  parts,  lack  of  stowage  space,  defective  spare 

.III,,  r 

part  a,  and  difficulty  in  obtalniflg  apart  parta*  •'  . C 

Share  vara  two  occaalona  in  critical  incident  interviewing  that  refer- 
anoa  vaa  made  to  apart  parta*  In  oha  case,  apart  parta  boxes  vara  allowed 
to  ha  atovad  around  tha  atPlpMat*  and* ' in  tha  othar,  a failure  to  order 

apart  parta  reaulted  in  excessivt  shutdown  that* 

* ' * * * . •_  . ■,  < . * 1 1 •.  . r * , •<  .*  * . • •• 

lUnaroua  inatanoea  art  r sported  vhersih  alaotronlca  technicians  had  to 

improvise  apara  parta  vhan  tha  actual  one*  vara  hot  available.  Same  of 
thaaa  inatancaa  art  aba  tract  ad  from  tha  responses  gtveh  by  the  technicians 

to  one  of  the  questions  used  In  the  critical  incident  method  and  Hated  ha- 

1 • ...  , 

iovt 


Table  32 

Xxaaplaa  of  tha  bprovlsation  of  Qpara  Parta  Khan  tha  Bsgular 

»araa  Vara  not  I— ediateiy  Available ' . 

1*  Kamfactured  barrel  clip*  for  damaged  radar.  - 

2*  Blgged  19  temporary  blower  not  or  to  replace  burned  cut  one* 

3*  Baplaead  shorted-out  wires  in. a circuit  by  using  graphite  pencil. 
Maaxfactured  clamp  to  hold  antenna  together. 

5.  Substituted  TDZ  generator  for  unfixable  iV/AKC  generator. 

6.  Bewound  transformer  when  no  replacement.  was  available, 

/.  Put  in  a Jury  rig  for  a bad  rectifier  unit  that  had  no  replacement. 
8.  Bapaired  badly  damaged  telascopio  capacitor  when  no  9 ares  were 
available. 

ia*  * rectifier  circuit  to  replace  a faulty  motor  generator. 

10.  Bagged  a fuse  holder  to  replace  a bad  one  that  had  no  replacement. 

' — -=5F 
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Table  52 
(continued) 


"W  'UPV  / 1 .1  MI.'M'til.i  ■ * ! ; 1 ■..•*«  J * ' - " ' '•  V- • * )»  '•  I y.-  , ; i \ 

XX.  Combined  six  transformers  to  replacs  * burned  out  on#  they  Aid  not 

*••■■■■  ■»  ‘teii  l rsplsnmmaat  for.  -v  ,j  •’•■■.'  vs.: 

12.  Rewound  aotor  field. 

S.  flubetltutedasplif  Ur  powercwpply  for  burned  out  dynamo  <«*. 

. Rewound  turned  out  transformer. 

1%  Me  bruaheafor  aotor  generator  whoa  none,  were  available. 

*v  - •*:.* •-  f’61  * ‘JSW.  . ; .•  •>'  ■'  v V.  x , • < y \ "'  :-v-  t 

£»  mXicotlono  and  Records 

. v;  '■*■■<:  ■■■  • ' :,--t a.-  .*  * » '"vl '»  • J j . ...  j 

Published  materials  area  key  eource  of  Inf oraation  for  the  electronic e 

technician.  Sot  only  do  publications  giro  epeoific  informatics  about  a 
pleoe  of  gear,  but  they  often  ineXudo  many  points  of  information  applicable 
to  eleotronioe  equipment  in  general.  In  order  to  determine  the  role  that 

W*  - * < *,  • / <*  . . .'■«  . / •••  • ,■!*•*  ' ■* >*.■  JJ’.V’  v •«  , ■ '• 

* • » *-  • * w.  «r»  - • ■ 

publications  play  In  the  overall  activity  of  the  electronics  technician, 

■'  :..03 VI.-:  ; • T •• 

iteas  were  included  in  both  the  job  questionnaire  and  general  questionnaire 

■ t-  r-*r„  '{<r,v  • -r  J * .\i\" ’ >;»  . f 2.  a;  ■ ' 1 ■> ; 

methods  to  cower  a number  of  different  aspects. 

Twenty-one  publications  were  presented  to  the  technician,  and  he  was 

- j f • . ,,  ■ * ' . ’ .(•;*„  •'  .•  • t * • • • ‘ t • 1 • r 

asked  to  indicate  by  a checkmark  which  of  this  group  he  used  in  the  course 
of  his  wok  aboard  ship.  Only  seven  publications  were  checked  by  acre  than 


fifty  per  cent  of  the  B«,  nuaelyi  general  instruction  books,  Electron, 

p- 

Ssvflhips  equipment  instruction  books,  Communications  Xleotronios  Maintenance 
Bulletin,  Bader  Maintenance  Bulletin,  electronics  textbooks  (educational 

publications)  end  BuShips  manuals, 

* *»  - * 

,The  majority  of  the  eleotronioe  technicians  sad  officers  felt  that 

publications  were  both  adequate  and  available  for  their  intended  purpose. 


In  addition  to  these  two  points,  the  technicians  and  officers  were  asked  to 
indicate  the  major  use  they  made  of  publications  and  what  they  considered  to 


be  the  most  important  limitations  to  the  use  of  this  material, 

» 

* • 
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Statement  s concerning  the  major  u»#  of  publications  grouped  thamselrss 
into  four  cat  of  orlei,  namely)  (l)  training*  and  information*  (2)  reference 
for  trouble  shooting,,  (3)  reference  for  maintenance  and  operatise  of  equip- 
ment, and  (4)  keeping  up  on  new  developments.  there  ie  an  approximately  e- 
qual  number  of  technician**  reeponeee  in  each  of  the.  four  categories.  Of- 
ficer e*  reeponeee  are  contained  in  the  first  three  oategorles  hut  iaone  of 
the  officers  reported  that  they  used  publicatlone  to  keep  up  on  new  develop* 

• ••  ..  ’ '•  " • •*  : ' lip1'--  1 

mente*  * 

Almost  half  of  all  of  the  reeponeee  given  to  . the  item  vhich  asked  about 
the  limitations  of  eleotronice  publications  oould  be  placed  ln  either  of  the 


following  two  categorlee;  (1)  not  detailed  enoUghV  j^  (2)  too  highly  tech- 
nical* The  remainder  of  the  reeponeee  are  distributed  among  reported  limi- 
tation categorised  ae  "too  time  coneumlng  to  keop  up  on,  * "inadequate  in- 


dexing* * and  "too  limited  in  application. " 

In  a manner  eimilar  to  the  one  described  for  publications*,  a group  of 
records  were  listed  in  the  Job  questionnaire*  and  the  electronics  technicians 
Were  asked  to  indicate  which  of  these  records  they  kept  as  a part  of  their 
job.  More  than  fifty  per  oent  of  the  group  reported  the. use  of  the  follow- 
ing records) 


Failure  Report 
Repair  Records 

Electronic  Equipment  History 
Field  Change  Records 
Monthly  Check  Lists  (Equip*) 


Spare  Farts  Records 
GbrrOotife  Maintenance  Record 
Standard  Havy  Stock  Card* 
Electronics  Service  Repair  Record 


Eighty-seven  per  cent  of  the  electronics  technicians  stated  that  e- 
qulpment  records  were  used  in  trouble  shooting*  When  an  individual  stated 
that  equipment  record*  were  used  in  trouble  shooting*  he  was  asked  to  indi- 
cate how  they  were  used.  Responses  to  the  latter  question  grouped,  themselves 
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into  four  jMkfcw  aategoriea.  SepreaantetiTe  stateeenta  are  shown  within  each 


of  the  oatagoples;  lifted  belowi 


' i»  * reference,  lo^irg  I 


***;;■  "Sbtlng  if  similar  troubles  ocoured  previously  and. what  oorracted  the®.* 

i-  "loting  what  type  of  trouble*  are  recurraat  in  that  plea*  of  gearJ*' 

a **Ma«i3r-  tins*  the  mm  troubla  appears*  Shea**'  records  save  tin*  in 
locating  those  which  have  occurred  before*" 

o • - 1 1 ;r 

ii 

• i.''.  ■ . ■ i . ’ -V  ■■  - 1 • Ha  ■ • i 

To  ascertain  possible  cause  end  to  uae  it  ae  a starting  point  in  trouble 

• • 1 ifig  ■ - 

, "Voheekof  wxipami  record*  as?  well  ahovthat  a aiailar  trouble  bed 
occurred  previously,  end  exactly  how  that  trouble  wae  eliminated. " 

-l  :•»  ••  ' »<  . ' • ■* 

"If  it  is  a difficult  trouble  with  Just  a few  ayaptoaa,  you  can  check 
, to- see  if  it  baa  appeared  before  in  , that  piece  of  gear  and  what  the 
trouble  waa." 

III 

A 1 ■ , . . • • V • 

To  atteaa>t  to  fix  a reaaon  or  pattern  for  breakdown 

"To  aee  if  any  chronic  trouble  la  reappearing,  and  how  long  elnoe  tube 
wae  chained*  * 

■ "Total  output  orer  a period  of  tiae  in  certain  neterlag  circuit  a indi- 
cate* failure  of  particular  coaponent , " 

IT 

To  check  pact  performance  and  condition  of  coaponent  a 
- "For  nodificationa  in  gear,  continued  troubles." 

"Check  on  past  failures  and  age  of  equipment*" 


The  technician*  consider  "work  on  maintenance  records"  as  the  second 
nost  important  thing  to  do  when  all  of  the  gear  is  working*  Most  of  then 
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report  that  they  spend  ten  per  cent  of  their  time  in  the  preparation  of 
these  records;  some  considered  record  keeping  a factor  standing  in  the  way 
of  their  doing  a better  job.  One  stated,  in  the  course  of  the  general  inter- 
view that  *too  much  record  keeping*  reduced  his  efficiency  while  another 
felt  that  ^inefficient  record  keeping  of  previous  BT  personnel*  was  a fac- 
tor affecting  his  work. 

It  is  interesting  to  note  that  the  spare  parts  record  was  the  only  one 
which  the  electronics  technicians  were  observed  using  during  the  course  of 
the  many  diaries  prepared  by  the  observational  teams.  Although  per  cent 
of  the  JTs  stated  thatihey  used  equipment  records  in  trouble  shooting  and 
close  to  50  per  cent  indicated  that  these  records' were  a good  source  of  in- 
formation for  determining  possible  causes  of  equipment  failure,  the  regular, 
use  of  these  records  was  not  apparent.  Instead,  instruction  books  and  vari- 
ous publications  were  used  to  establish  reasons  for  equipment  failure  or  vo 
initiate  corrective  maintenance  procedures . There  seems  to  be  a wide  gap 
between  the  appreciation  of  records  as  a guide  in  maintenance  and  the  prac- 
tical use  of  these  records  in  repair  problems. 

0 . Tools  and  Test  Equipment 

The  two  principal  aids  of  the  electronics  technician  in  any  type  of 
maintenance  activity  are  tools  and  test  equipment.  Practically  every  re- 
pair calls  for  the  application  of  either  one  or  both.  An  effort  was  made 
in  this  research  to  determine  what  types  of  instruments  were  available  to 
the  electronics  technician,  whether  or  not  their  quantity  and  quality  were 
adequate,  and  the  frequency  with  which  they  were  used. 
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A list  of  tool*  Iras  presents!  to  the  eleotronioe  technicians  and  they 
ware  asked  to  inlioate  those  which  they  used  in  their  work  aboard  abip* 

Vlth  the  exception  of  a few  specialised  tools  each  as  the  power  drill*  <w 
lignaent  tools « and  typewriter*  most  of  the  other  tools  oheoked  by  sore 
than  fifty  per,  cent  of  the  technicians  could  be  categorised  as  conaon  hand 
tools  to  include  suoh  items  as  eorewdrivere,  pliers*  wrenches*  and  spider- 
, inf  irons*  These  tools  are  also  reported  as  being  used  most  frequently  on 
the  saaple  of  forty  repair  reoords  which  were  dlscussfd  earlier* 

There  was  little  difference  of  opinion  with  respect  to  the.  quality  of 
these  tools*.  More  than  eighty  per  cent  of  the  electronics  technicians  and 
, off  leers  felt  that  the  quality  of  tools  used  was  adequate.  However,  when 
men  were  questioned  about  the  quantity  of  these  tools,  their  opinions  differ- 
ed Markedly,  The.  Us  opinions  were  divided  alaost  equally,  with  4l  per  cent 
static  . that  the  quantity  was  adequate  whereas  59  par  oent  felt  that  it  was 
not*  She  Majority  of  the  electronics  Mterial  of floors  (75  per  oent)  felt 
that  the  quantity  was  inadequate* 

She  fact  that  a problea  existed  with  respect  , to  the  quantity  of  tools 

w • 

is  also  indicated  by  the  responses  of  the  technicians  to  questions  in  the 
general  interview*  When  they  were  asked  to  state  which  factors  stood  in  the 
way  of  their  doing  a' better  Job,  the  aoet  frequent  response  was  *lack  of 
proper  tools;*  One  of  the  officers  also  referred  to  *lack  of  tools*  as  a 
prlaary  factor  reducing  efficiency.  In  addition,  when  XT*  were  asked  to 
rank  six  alternative  problem  facing  them  in  terms  of  seriousness,  the  high- 
est percentage  of  the*  felt  that  "inadequate  tools  and  equipment*  was  the 
aoet  serious  (Table  29)* 
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Obaanretioae  Hdi  of  best  equipment  used  aboard  ship  were  very  aiiailar 
to  tho  ones  daaoribal  for  tool*.  X Uat  of  diffsrsnt  plaoaa  of  taat  oqulp- 
naat  was  given  to  the  technicians,  and  the  men  vara  aakad  to  ladloata  which 


of  thaaa  instrufflente, they  used  in  their  vorkv  la  addition,  a frequency 
count  aaa  made  of  the  taat  equipment  up  ad  in  the  course  of  forty  repair  re- 
oorda*  Again,  a relatively  good  agraaaaht  was found  between  tha  taat  equlp- 
aant  that  ®i  report  that  they  us#  and  tha  taat  equipment  recorded  as  being 
uaad  in  maintenance.  Instruments  most  frequently  referred  to  in  both  in- 
atanoea  include  tube  teeter,  oaoilloaoope,  voltmeter,  ohameter,  saggar, 
multimeter,  mllllammeter,  frequency  eater,  echo  box,  algnal  generator,  vatt- 
aeter,  and  vacuum- tube  voltmeter. 

She  majority  of  XTa  and  officers  felt  that  the  quality  of  available  teat 


equipment  vaa  adequate.  In  fact,  teat  equipment  quality  vae  referred  to  beU 
dom  in  other,  observational  data.  In  a few  lnetanoea  equipment  vae  abut  down 
longer  than  it  should  have  been  beoauSe  the  teohniolan  failed  to  consider  the 
possibility  of  faulty  teat  equipment. 


On  the  other  head,  only  one  half  of  the  electronics  technicians  and  a- 
bout  one  fourth  of  the  eleetronlea  material  officers  felt  that  there  was  an 
e^equate  vantity  of  test  equipment,  ■Lack  of  proper  tools*  vaa  r*>orted 
*o*t  frequently  by  electronics  technicians  during  the  general  interview  as 
the  factor  standing  in  the  vay  of  their  doing  a better  Job  (see  Table  36). 
And  the  factor  of  ■inadequate  test  equipment*  vae  reported  with  high  fre- 
qxency. 


The  data  do  not  contain  any  Instance  in  which  the  quality  of  the  tools 
used  la  questioned  or  considered  by  anyone  to  affect  electronics  maintenance 
activities,  and  only  two  minor  references  were  made  concerning  the  quality 
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• of  test  squipment . This  is  .quit#  different  train  the  situation  with  reference 
„ to  quantity*  ‘ 

VI.  GOKDITIOHS  LIMITIB&  KilOTSNAHCl 

• «. . , v . 1 • ■ . *'  1 * 

■4  i ' .■  t • • - ' 

It  is  the  purpoee  of  thi*  eeotion  to  peek  potential  trouble  spots  ae 

, ■ . ...  p,. 

they  relate  to  personnel  and  electronics  maintenance  'behavior.  By  eonsld- 
eration  of  such  areas  of  weakness  it  may  he  possible  to  determine  procedures 
for  improving  present  conditions.  The  search  takes  several  somewhat  differ-* 
ent  approaches.  One  evaluates  principal  causes  for  unsuccessful  maintenance. 
Another  observes  equipment  limitations  on  repair.  Still  others  depend  upon 
reports  of  the  men  regarding  faotors  keeping  them  from  doing  a hatter  job* 

A.  Contributors  to  Unsuccessful  Maintenance  r 

In  an  atteapt  to  discover  and  evaluate  the  relative  importance  of.  con- 
ditions which  differentiate  between  successful  and  unsuccessful,  maintenance 
behavior,  critical  incidents  wsre  collected  to  indicate  "occasions  when  the 

t 

repair  of  electronics  gear  was  not  aecosqpllshed  as  quickly  as  it  might  have 
been  - incidents  where  gear  was  abut  down  for  a longer  time  than  it  should 
have  been. She  eighty-two  situations  collected  can  be  categorised  accord- 
lig  to  their  salient  differences.  This  is  presented  in  Table  33* 

Table  33 

factors  Contributing  to  Unsuccessful  Maintenance 

frequency  of 

Classes  of  Incidents  and  examples  of  each  occurrence 

failure  to  make  adequate  visual  checks  early  in  trouble  shooting  13 
failed  to  check  fuses  before  proceediig 
failed  to  check  switches  before  proceeding 
Overlooked  difficulties  easily jflslble 


HfflTBlCTBD 


Classes  of  incidents  and  • 


■gEMpXEmm  IE*!'  1 p?.«r  T 

— yrynrrT»irn~i  i mm  Mt 


I*J 


n* 


•pod  a iU{i 

failed  to  consider  possibility  of  faulty  tot  squipaant 
Haglsctsd  to  toat  a spars  part  bsfore  using  ae  replacsasnt 

failure  to  bsain  or  oonplets  repair  beoauas  of  unfavorable  attitude  . f 
Wit  off  oisanTx*  equipment  ' 

Avoided  a repair  bsoause  of  its  complexity  . * 

Did  not  oosplste  repair  due  to  laok  of  interest 

&2fflg£  faUm  to  aa{ca  repair  frctff  1 S&J&m&L  7 

Veiled  to  looate  intermittent  abort  in  xR  tube 
Cheeked  component  inoorraotly 

Sid  not  find  trouble  in  spite  of  repeated  attempta 


failure  to 


ite  uae  of  instruction  hooka. 


failed  to  ooneult  appropriate  aohamatlca 
Sid  not  uae  iaatmetien  Spok  In  fatting  19  fear 
Could  not  understand  Instruction  book 

Replaced  faulty  component  without  consider  inn  a wore  basic  cause 
of  failure  "* 

Continued  replaoit£  tubes  as  they  burned  out  rather  than 
locate  the  source  of  trouble 

Replaced  burned  out  magnetrons  before  locating  the  source 
of  the  difficulty 


Assumed  something  mas  faulty  when  it  actually  mam  not 
SIsasssa&Ted  switch  when  trouble- was  elsewEare 
Atteapted  repar  by  adjustment  of  relays  when  source  of 
trouble  uae  in  a power  stage 

failure  to  report  faulty  equipment 
~ i)id  not  notify  5Fs  when  obtained  jerky  sweep  on  PPI 

failure  to  volunteer  information  that  would  aid  in  repair 
Hd  not  repori  tvieting  band  switch  past  stops 

I nt  erf  erred  with  ETs  work 

Got  in  Ks  way  when  he  was  trouble  shooting  gear 

Assignment  of  inadequate  personnel  to  make  rape  ire  without 
supervision 


failure  to  keep  up  book  work 

failed  to  order  spare  parts 

Did  not  record  circuit  change  in  instruction  book 
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‘fabld  33 

— . — - — 

Glasssa  of  incidents  and,  exaaplst  of  .each,;.-  • , ' • ■ frequency 

~TaQure  frcTiaaks  adequate  cheer  la  opsratllfal.Wfdf^  T starting .:  L'  ' ’S  < ‘i 

gear  failure  \ : V'  ' ■ • • *.<  . 

tmmmmrnm  m ■ Mtmmmmm  wt  . f ■ 

Refused  to  assist  or  be  assisted  la  repair  2 

Improper-  stowage  Vi  . * 2;  v 

» 

Refused  to  allow  repairman  to  do  repair  - 2 


Reviewing  thessaituation*.  It  is  evidiut  tl^at  the  moat  important  con- 


; tributors  relate  to  lack  of  skill  and  thoroughness  on  the  part  of  the  elec- 
tronics technician.  factors  associated  with  work  habits,  such  ae  taking 
care  of  hook  work  and  attending  to  parte  supply  and  stowage,  are  also  pres- 
ent* Of  less  frequency  but  considerable  significance  are  administrative 
matters  such  fs-s  not  reporting  failure  promptly  and  in  detail  to  ITs,  or  in 
some  way  hindering  XTs1  work. 


£•  Equipment  limitations  on  Repair 

One  of  the  more  obvious  limitations  on  equipment  repair  is  provided  by 
the  equipment  itself.  Shipments  very  widely  in  the  eaee  with  which  they 
oan  be  maintained.  Some  of  this  le  due  to  circuit  complexity,  although  a . 
significant  amount  stems  from  considerations  related  to  questions  of  layout 
- and  spacial  design.  An  analysis  of  incidents  cited  as  lndlcatlxg  restric- 
tions due  to  equipment  design  is  given  in  the  following  fable  34. 
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Table  34 

Behavior  Restriotions  Brought  It  out  by  Equipment  Design 


Classes  of  Restrictions  with  Typical  Incidents  '.  Treqaency 

s...  M"*"i  " ■ mwmtw  ■■■■■■  f — nisi  ■■■■■■  1 11  ■ 

* * 

Removal  of  unit  or  component  requires  exoesalvs  removal  17 

of  surrounding  parts 

Removal  of  the  0Q  high  voltage  traasf earner.  necessitated 
prior  removal  of  much  of  the  transmitter  unit 
To  get  oscillator  circuit  in  MK25  had  to  remove  part 
of  wave  guide  and  mixer  chassis 
ZBL  capacitor  0*4*5  difficult  to  replace  .‘becaaist  had  to 
remove  ether  parts  to  get  at  it. 

Reeded  to  remove  FPI  tube  to  get  at  some  of  the  terminal 
hoards  in  the  71 

Equipment  too  cospy t to  reach  and  Vork  with  components  l6  . 

Ooqpaotness  of  the  AR/ARC  makes  it  difficult  to  test 
components  and  impossible  to  test  some  without  un- 
soldering connections  and  taking  them  out 
MS25  Is  so  compact  that  It  re&lres  excessive,  removal 
of  components  in  order  to  locate  intermittent  short e 
Compactness  of  the  RDZ  makes  it  difficult  and  unsafe  to 
remove  and  replace  some  of  the  vacuum  tubes  . . „ __  J 

Parte  too  difficult  to  reach  because  too  far  from  panel  or  13 

drawer  or  bahlncHor  uS3er~~ other  parts 

Difficult  to  reach  the  leads  of  resistors  and  capacitors 
In  the  TBL  to  test  them  because  of  surrounding  parte 
Difficult  to  reach  the  tuning  capacitor  on  the  SDQ  to 
adjust  it  because  of  all  the  gears  around  it» 

Difficult  to  loosen  collar  to  unfreeze  master  oscillator 
tuning  control  of  the  TBL  because  surrounding  parte  make 
screws  almost  inaccessible 

Inadequate  provision  for  trouble  shooting  while  set  le  operating  9 
The  fact  that  you  have  to. use  an  extension  to  work  on  the 
TDZ  with  the  power  on  is  an  inconvenience  and  slows  one 
down 

Lack  of  battle  short  switch  on  VF  makes  it  difficult  to 
trace  trouble  while  set  is  running 

Lack  of  systematic  arrangement  Of  parts  makes  set  hard  to  work  on  5 
Organization  of  parts  in  the  MH34  made  soldering  of  parts 
difficult 

Unsystematic  arrangement  of  parts  on  AH/SP8  6 created 
difficulty 
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Table  34 
(continued) 


Classes  of  Restrictions  and  typical  Incident a 


Frequency 


. Poor  yrsagsaant  of  cablee 

• External  cTbTaa  on  rab4  makss  opening  the  drawer  difficult 
and  causes  excessive  strain  on  the  cables 


It  out  of  the  case 

Parts  facing  In  wrong  dlreotlon  from  panel  or  drawer 

^armlnal'Toard'  for  resistors  In  id  faoes  baok  of  equipment 
waking  it  njcstssry  to  rewove  drawer  and  shut  down 
equipment  In  order  to  get  at  it 


Removal  of  unit  requires  excessive  removal  and  tajatiiy  of  leads 
SC  console  drawer 
AH/iBC  single  terwinal  strip 


Improper  construction  of  knobs  and  swltohea 

VDZ,  ridgss  on  knobs;  dial  system  too  snail 

Parts  secured  too  strongly 

fS  tu4es  in  tripler  stages 
MC34  locks  on  tubes 

Poor  Identification  of  parts  or  lseds 


Inadequate  Independence  of  function  of  eoparate  unite 


3 

3 

2 


2 

2 


1 

1 


Parte  too  bulky 


1 


Parte  fastened  by  improper  fastening  element e 1 

Insufficient  or  Inadequate  lndlcatore  1 


C.  Behavioral  Causes  of  Equipment  Breakdown 

One  further  set  of  information  of  this  nune  type  was  collected  in  an 
attempt  to  determine,  the  behavioral  causes  of  breakdown  of  electronic  equip- 
ment. Host  persons  when  considering  the  problem  of  reducing  the  number  of 
failures  of  electronic  equipment  think  of  improving  the  engineering  design 

of  the  instrument.  In  such  cases,  the  way  In  which  the  behavior  of  the 
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operators  and  technicians  contribute  it  likely  to  be  overlooked.  To  evaluate 
this  problem,  129  incident  swere  oolleoted  as  representative  of  eituatione 
where  somebody  did  some  thine  that  *fdttlbd  tip*  some  eleotronio  equipment. 

The  abbreviated  statements  have  been  organised  into  categories  and  cure  pre- 
sented in  detail  below  in  Table  35*  ‘ 


.***>!•  .35  , . 

Behavior  Contributing  to.- Breakdown  of  Ueotronle  Xqulpsent 

■i  ■■■■  i-  • .I.  i ii— i — 

Categories  of  Abbreviated  Incidents 

Handled  gear  roughly  uhsp  using  it  in  operation 

Jammed  slldli*  capacitor 

Dropped  hand  set  on  desk 

Cranked  range  hellpot  into  etope 

Turned  tuning  knob  peat  stops 

Cranked  range  counter  fast  into  etope 

Cranked  range  orank  past  sero  stop 

Twisted  tuning  knob  past  etope 

Cranked  range  crank  into  stop 

Twisted  switch  past  atop 

Twisted  band  switch  past  stop 

Turned  range  indicator  beyond  stops 

Twisted  receiver  band  switch  past  stop 

Kicked  switches  on  and  off 

nicked  switch  past  stop 

Cranked  manual  control  on  antenna  roughly 

Ckanked  range  orank  past  stop 

Jerked  oable  loose  on  handset 

Connected  correct  wire  or  correct  component  to  wrong  place  or  in 
wrong  position  ' 

Beplacsd  plugs  in  wrong  sockets  while  cleaning  gear 

Connected  power  cables  to  \troag  terminals 

Attached  wire  to  wrong  terminal 

Mistakenly  connected  chassis  to  AC  power  line 

Connected  leads  to  chassis  backwards 

Put  H?  tube  in  backwards 

Beplacsd  lead  on  wrong  terminal 

Made  wrong  connections  on  patch  panel 

Beplacsd  wires  without  regard  to  proper  connections 
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Sable  35 

. (continued)  / 

„ Categories  of  Abbrsvlgtsdlnciaeftti*  , 

Bsplaoed  lea MU  iA  reverse  aftsr  cleaning 

Connects!  a wire  in  ths  wrong  plaoo 

Connected  trsnsmlttsr-rscsivsrs  to  wrong  terminals  . 

Fat  tub*  in  wrong  position  in  s octet 

Bsplacsd  unit  so  that  nail  **ar  rubbed  against  frame 

Attempted  to  ppsrats  gsar  bafors  mateng  proper  checks  and  adjustments 

AalXed  to  throw  gyro  switch  before  operat  ing  gear 
mixed  to  pat  antenna  transmit  switch  in  receive  position 
-before  keying 

Forgot  to  turn  on  power  switch 

Keyed  transmitter  telle  there  wane  Jumper  between  a transmitter 
antenna  and  a receiver  antenna'* 

Allowed  operation  of  eqaipnent  before. repair  gear  ms  renewed 
Failed  to  check  zenith  search  switch  before  attempting  to 
operate  equipment 

Failed  to  shut  down  radiation  before  changing  pulse  width 
Foiled  to  put  gear  in  stand-by.  before  applying  power 
Fired  up  set  before  taking  voltage  checks  on  power  unit 
Switched  frequencies  telle  tuning  knobs  wore  unlocked 
Selected  to  adjust  gain  control  when  putting  equipment  in 
operation 

Failed  to  aate  operator  adjustments  on  r«*ater 
Failed  to  press  start  button  before  celling  an  ST 

Bemoved  or  replaced  part  of  the  equlpnent  in  a rough  manner  in  Maintenance 

Unscrewed  cable  at  solder  connections  and  ratter  than  at  socket  and 
Polled  tube  out  of  set  too  vigorously 

Failed  to  take  proper  precaution  when  opening  magnetron  carton 
Forced  a reduction  gear  which  had  a bent  key  onto  armature  arbor 
with  a hammer 

Shoved  drawer  beck  into  set  too  vigorously 

Broke  off  metal  rod  from  insulator  when  trying  to  remove  It 

Broke  off  three  cables  when  pulling  out  drawer  of  equipment 

Manipulated,  wrong  switch  or  switch  in  wrong  dir action 

Turned  on  the  regulating  transformers  instead  of  line  voltage 

Threw  wrong  switches  on  gear  trying  to  turn  it  on 

Turned  switch  In  the  wrong  position 

Turned  off  wrong  switch 

Turned  selector  switch  to  wrong  position 

Threw  synchro  switch  in  wrong  position 

Opened  switch  while  cleaning  equipment  and  failed  to  return  it 
to  its  original  position 
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(continued) 


Categories  of  Abbreviated  Incidents 


Perfomsd  act  contrary  to  dir  apt  instructions 


Paid  both  automtic  and  nanualantanna  train  at  mum  tine 
contrary  to  instruction! 

After  instruct*!  not  to,  deliberately  plaoad  Jumper  between 
receiver  antenna  and  transmitter  antenna 
Adjusted,  relays  oontrary  to  orders 

Left  transaittar  door  open  oontrary  to  posted  instructions 
Shrew  a switch  which  ha  was  instructed  act  to  touch 
Willfully  aade  adjustment  e on  transaittar  contrary  to 
instruction  hook 


Iaproperlr  atowad  or  lanroperlr  secured  aat trial 
(iotlncludincthe  shutt  log  down  ofelectr  onio  equipment*) 


Stored  powdered  eoap  box  on  generator  unit 
failed  to  close  watertight  cover  on  phones  on  bride# 
failed  to  eeouro  doff ee  pot 

failed  to  secure  gear  to  keq?  it  froa  falling  to  the  deek 
Vegleeted  to  turn  off  eteaa  in  scull  try  before  going  to  ' 
battle  station 

Plaoed  aide  panel  of  tranaaitter  against  electrically 
charged  circuit 

Atteapted  repair  jgr  adjust aent  og  equipment  when  unauthorised 

At  t sap  ted  to  tuna  director  without  authorisation 
Atteapted  to  repair  gsar  when  not  authorised 
Attempted  to  repair  sot  when  unauthorised  to  do  so 
Pulled  all  the  tubes  froa  set  without  authorisation 
Used  aotor  generator  unit  whan  not  authorised 
Unauthorised  person -pounded  on  the  If  section  of.  areceivscr 
in  attesting  repair 

failed  to  ooapletelr  replace  coaponente  or  part 

Beaeeeabled  search  switch  learit^;  out  certain  coaponente 
.failed  to  replace  critical  bracket  after  repair  of  equipment 
failed  to  push  plug  back  in  transaittar  completely 
failed  to  replace  light  shield  on  radar 
forgot  to  hook  up  leads  when  replacing  nagnetron  _ , 
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f^ble  35 

(continued) 


Categories  of  Abbreviated  Incidents 


good  a part  of  eons  electronic  mtwwrt  for  reoreational  wwwi 

Dialed  girl  friend1  s phono  number  on  trftnsnitter  remote  nnit 
Removed  aide  panels  of  transmitter  to  play  cards  on 
Used  transmitter  switch  to  in«i«t%^ dealer  in  card  tame' 

Keyed  detuned  transmitter  while  ^plSyiig  around 
Higgled  neon  bulb  to  see  it  flash 

Adjusted  stags  to 


Tailed  to  resonate  peak  on  XPA  stage  in  tuning  gear 
Attempted  tuning  adjustment  without  proper  equipment 
. Made  wrong  adjustments  in  tamlsgtraasmittar  (2) 

Loaded  PA  stage  too  high  in  tuaixggear 

Indiscriminately  adjusted  knobs  in  attempt  to  tune  up  transmitter 
Imesded  time  limitations  in  operation  of 


Keyed  transmitter  too  long 
Keyed  transmitter  too  long 
Held  sonar  slew  knob  down  too  long 
Slewed  sonar  too  long 

Inadequate  care  when  mowing  in  vicinity  of  electronic  equipment 


Stepped  on  power  cord  pulling  it  from  socket 
Jarred  equipment  with  boxes  whan  soring  them  around 
Buaped  interlock  when  walking  ly  set 
Broke  crystal  meter  when  soring  steel  boxes 

Bid  trouble  shooting  Inside  set  when  gear  was  operating 

Propped  Shorting  bar  open  with  screwdriver  when  trouble  shooting 
Left  shorting  bar  across  high  roltage  while  trouble  shooting 
in  set 

Prodding  for  loose  connection  with  a screwdriver  when  set  was 
operating 

fried  to  run  test  leads  Into  difficult  place  with  set  in  operation 

| Used  equipment  for  foot  rest 

Bested  knee  against  receiver 
Bested  foot  on  high  voltage  varlac 
Propped  feet  up  on  equipments 
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35 

('continued) 

Catogcyiss  of  Abbreviated  Incidents 


Put  wrong  component  In  circuit1 

Put  transmitter  crystal  in  receiver  and  receiver  orystal  In' 
transmitter 

Put  an  ovsraaperage  fuss  in  a plena  of  gear  i • 

Put  wrong  tuts  in  socket 

Overlooked  something  ixj  preventive  maintenance 

Palled  to  clean  antenna  insulators  when  performing  preventive 
maintenance  checks 

Palled  to  clean  insulators  in  routine  cleaning 

Palled  to  disoover  loosa- potentiometer  on  bulkhead  during  . 

* routine  checks 

asettvod  leads  without  identifying  them 

legleoted  to  identify  leads  when  removing  them  for  cleanixv 

Palled  to  tag  leads, whan  disconnecting  them 

Palled  to  identity  vires  when  remoring  them  for  cleeulng 

Used  improper  tools  or  materials  in  preventive  maintenance 

Used  bellows  to  dean  dirt  out  of  equipment 

Painted  antenna  insulators 

Put  anti-rust  compound  on  rotating  shaft 

Made  improper  changes  in  circuit  design 

8oldered  a short  across  a fuse  terminal 
Made  circuit  change  so  antenna  would  operate  manually  and 
automatically  at  the  ssne  time 

Improperly  adjusted  test  equipment 

Took  voltage  reading  without  switching  to  proper  meter  scale 
Palled  to  switch  ohmmeter  to  voltage  scale  before  making 
voltage  measurements 

Made  untidy  repair 

Left  large  globs  of  solder  when  solder ing  connections 
Left  solder  drippings  in  gear 
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Tebls  35 
(continued) 

Categories  of  Abbreviated  Incidents  ■ . > 

Interrupted  tranemlsslon  without  warning 

Detuned  trsu salt  ter  while  operator  was  transacting 
niowd  aaoral  of  ngiidd  jattliMKk  . 

Authorised  removal  of  nss&sd  sound  power  circuit 
Threw  refuse  in  gear 

Shrew  refuse  into  transmitter 
failed  tjo  lock  down  tuning  knobs  after  typing  set 
failed  to  lock  tuning  heads  down  on  SIS 


£.  factort  Keeping  Personnel  fro*  Boiag  a Bitig  Jgfe 

During  the  course  of  the  interview  with  the  Bi  and  the  electronics 
naterial  officers  these  men  were  asked  to  express  their  opinions  concern- 
ing factors  which  stood  in  the  way  of  their  doing  a better  Job*  She  re- 
sponses received  were  varied  as  can  be  seen  in  the  two  accompanying  tables 
(Zable  36  for  the  XSe  and  Sable  37  for  the  officers)*  She  list  for  the 
technicians  oaits  sny  factor  Which  was  motioned  only  once*  She  regaining  17 
different  responses  fall  into  three  general  classes  (l)  equipment  and  anU 
terial  factors  (2)  adainistrative  natters*  and  (3)  training  needs* 
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Abstracted  Answers  to  Interview  Question  Oonoer«tng  Mn 
,i:t  '’toil*  gtm*  ib  %wi  iy  ef  g»  Dot*©  * Vetter  jet* 


factors 

frequency 

Lade  of  proper  tools 

11 

Inadequate  test  equipment 

Lank  of  experience 

m 

Crowded  work  space  ’ r 

6 

Lade  of  schooling  particular  types  of  gear  ^ r 

5 

Vo  factors  standing  in  the  wey 

5 

Inability  to  get  equipment  secured  to  work  on  it  while  at  sea 

5 

Lade  of  shop  facilities 

9 

Lack  of  theory  in  training  (went  too  fast  in  sohool) 

'J 

inability  to  get  further  schooling  (Class  B and  special 

3 

schools) 

Distance  of  workshop  froa  electronic  gear 

- 3 

Lade  of  class  A school  traiaiim 

3 

Lack  of  incentive  (poor  officer  supervision) 

3 

Slowness  in  procuring  ordered  spare  parts 

3 

Lade  of  opart  part* 

e 

Lade  of  trained  personnel  doe  to  oo^>les>ents  being  filled 
with  low  rated  non 

2 

Lack  of  spar#  parte  stowage  space 

2 

•In  tent  of  frequency  of  reqponoe 

•♦there  a«|f  bo  acre  than  one  utawtr  for  oooh  respondent.  Therefore, 
tho  nuabcr  of  responses  will  not  eqpal  the  V of  respondents 


Conditions  affecting  the  electronics  notarial  officers  are  area  nore 
diversified,  fable  37* 
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Table  37 

Abstracted  Answers  to  Interwiew  feastlon  Asked  of  SCOs  Concerning 
Bmm  Things  That  Kora  Shut  Anything  Hh  Stand  in  tha  bay 
of  Their.  Sodas  a Better  Jot* 

. "V  9 11**  , 


Isaerfering  Factors 

Frequency! 

"Short  timers"  attitude 

3 . : 

Lack  of  proper  test  equipment 

3 

Too  anoh  paper  work 

8 

Lack  of  well  trained  IBs 

Z 

Lack  of  interest  by  others  (of floors  and  men)  in 

Z 

preventive  naintenanee 

Vs  doing  non-eleetronlo  duties  (such  as  ness  duty. 

z 

watahes  outside  electronic ••  etc,) 

• 

Owe  inexperience 

2 

Difficulty  in  obtaining  spare  parts 

Z 

Leek  of  tine  to  work  with  Be 

z 

Leak  of  tools 

1 

Lack  of  cooperation  between  departments 

1 

Lack  of  work  Shop 

1 

Bp-passii«  in  Chain  of  commend 

1 

Poorly  trained  radiomen 

1 

Poorly  trained  radermen 

1 

Insufficient  number  of  personnel 

1 

Operators1  failure  to  report  .equipment  malfunctions 

1 

Unclear  delineation  of  VO  duties 

1 

Lack  of  knowledge  of  other  offloers  as  to  SCO's  duties 

1 

Vs  in  wrong  department  (are  in  log.,  but  should  be  Opar.) 

1 

Orerlqp  between  80s  and  Vs  making  repairs 

1 

Poorly  designed  equipment 

1 

•In  tarns  of  frequency  of  response. 

**Vor  this  lten,  there  ngr  ha  sore  than  one  answer  for  each  respondent. 
Therefore,  the  son  of  the  responses  will  not  equal  the  V of  tha  respondents. 


Casual  observations  had  suggested  the  possibility  that  naintenanee 
operations  night  be  hindered  by  dsnends  being  nade  on  the  XT  by  persons 
who  are  perhaps  not  rery  intlnately  acquainted  with  electronics,  problems. 
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fox  this  reason  all  XTs  v*r«  asked  whether  thsy  fait  any  unreasonable 
maintenance  it— nda  wn  made  of  than*  Aa  can  ba  seen  from  Table  3$  most 
nan  reported  an  absence  of  such  demands*  Thosa  whiah  wort  mantionad  are 
interesting  in  that  they  suggest  some  sources  of  difficulty. 

, . . '■  ■ , . •■■■I  ' 

Table  3* 


Abetraoted  Answer  a to  Interview  <g*estien  Concerning  Unreaaonable 
Maintenance  Demsside  Made  of  Ha. 

(In  terns  of  fre$imey  at  Response) 


Unreasonable  DmsSnds 

a.  BO  unreasonable demands 

31 

b.  Officers  daaand  repair  sooner  than  it  can  be  done 

6 

o.  Officers  lack  knowledge  of  equipment 

• 3 

d.  Officers  call  XTs  to  sake  adjustments  that  officer  or 

2 

operator  can  sake 

e.  Officers  aspect  more  from  equipment  than  it  is  capable 

2 

Of  giring 

f • XT  required-  to  do  all  prerantire  Maintenance  that  operator 

2 

should  do 

g*  Officers  do  not  understand  XT  repair  problems 

2 

h.  Officer  demands  tine  estimate  for  fixing  gear  before 

1 

XT  aake  diagnosis 

i.  Haring  to  Maintain  obsolete  gear 

1 

J.  Haring  to  work  under  BIO  who  doesn't  know  any  electronics 

1 

k.  Haring  to  drop  cospllcated  Jobs  to  take  care  of  unimportant 

1 

duties 

1.  Haring  XMQ  stand  orer  XT  asking  frequently  what  is  wrong 

1 

with  gear 

m.  Bed  tape  - haring  to  secure  OD  permission  to  shut  down 

1 

equipment  that  isn't  working  already 

, 

n.  Prills  interfere  with  maintenance  work  and  cause  XTs  to 

1 

work  at  night 

o.  Safety  precaution#  - 2 aeh  on  gear  when  not  enough  XTs, 

1 

and  most  wear  safety  bait  when  climbing  mast 

An  examination  of  the  last  table  (16*  3d)  suggests  aa ny  factors  which 
are  related  to  the  attitude  of  the  nan  and  his  interest  in  his  Job*  Sons 
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of  these  factors  as.  they  concern  training  of  the  men  bars  baa#  aontlonsd 
previously  la  a report  on  training  implications*  Others  sill  ha  ooneidered, 
later  in  tha  report  on  operational  and  administrative  problems*  Qna  of  tha 
most  Important  of  thasa  is  tha  problem  of  turnover  and  tha  fact  that  train- 
ing and  tha  acquisition  of  on  tha  job  skills  takas  op  such  a significant 
portion  of  tha  enlistment  period* 

One  of  tha  goala.of  tha  last  few  sections  has  bean  to  search  for  areas 
In  which  improvement a night  be  achieved*  Several  of  these  are  evident. 

Shay  aret  (1)  improved  correct ivs  and  preventive  maintenance  procedures 

(2)  improved  attitude  and  motivation  of  technicians  (3)  Up  roved  admin- 

* . * 

istrative  cooperation  particularly  between  operators  and  technisians  and 
(4)  improvements  in  equipment  layout* 

Procedural  veekhssses  Showed  a tendency  to  overlook  s|apla  checks  (as 
on  switches  and  fusee)  before  .beginning  trouble  shooting*  Share  wore  a 

number  of  occasions  where  man  would  have  equipment  torn  dawn*  several  tubes 

* 

replaced*  or  some  similar  expenditure  of  time  sham  another  V would  oone 
along  and  mottos  that  a switch  had  accidentally  bean  thrown  or  a high  volt- 
age fuse  blown*  Squally  important  appears  to  be  a lack  of  thoroughness  and 
oarefolness*  Shis  la  frequently  aceo^aaied  by  an  unsyateamtlo  approach  of 
■Vaster  egging*  * 

Carelessness  and  rough  handling  of  equipment  were  present  in  * signifi- 
cant number  of  situations.  In  other  instances*  technicians  dwwsd  a.  ten- 
dency to  taka  tha  "easy  way  out*  " as  for  exuple  when  one  group  replaced  a 
certain  tuba  as  it  burned  out  every  twelve  hours  or  so*  rather  than  going 
to  the  trouble  of  uncovering  tha  underlying  causa  of  the  tuba  failure* 
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Another  prevalent  attitude  of  *lettiag  thine*  slid**  mm  evident  in  the 
condition  of  the  Maintenance  record*.  In  only  a few  instances  wee  there 
indication  of  work  being  perforaed  contrary  to  instructions* 

, In  sons  cases  there  was  considerable  yoon  for  improvement  in  iater- 
departnental  relations,  particularly  between  the  non  she  operate  and  the  net 
who  repair  the  equipment.  fhie  is  evident  in  such  behavior  as  failinf  to 

‘ • * ) * ■ * ' i 

report  equipment  failure  until  the  fear  has  gone  -out  completely,  holding 
back  information  which  night  help  in  repairing  the  gear,  or  in  sons  way 
hinder ivg  the  K durlx*  hie  eaintsnenee  efforts.  She  coordination  of 
operators  and  ST*  .oh  preventive  malm*  Memos  is  anieportant  point  la  this 
context. 

Difficulties  which  could  be  traced  to  the  eqntps»at  itself,  the  way 
it  was  designed  or  laid  cut,  were  readily  apparent.  Sena  equipments  were 
such  that  the  mb  could  not  get  At  parte  to  toet  or  replace  then.  Others 
were  hard  to  take  apart  or  to  remove  sections  or  parte.  Still  another  ma- 
jor difficulty  concerned  inability  to  work  with  power  on. 

One  eet  of  information  which  wae  presented  earlier  in  the  report  ie 
relevant  hare.  It  (fable  51)  ranked  the  meet  frequent  contributors  to  ex- 
cessive Shutdown  tins*  Slectronioe  material  officers  ranked  insufficient 
preventive  maintenance  as  moat  frequent  and  inexperienced  personnel  next, 
with  spare  parte  difficulties  least  frequent « XLeotronlcs  technicians  rated 
spare  parts  difficulties  as  most  frequent.  Inexperienced  personnel  next,  and 
poor  coordination  between  departments  as  least  frequent. 
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Curtain  requirements  of  the  electronics  technician  ara  highly  critical 
to  suoeessful  performance  of  tho  Job.  These  requirements  ara  riawed  hart  In 
three  way  a.  Tirst,  general  abilities  art  dlacuaaad  aa  thay  war  a observed 

. . i . < ' ■*-  , • • ■ . 

through  an  abilities  ratlin  scale.  Sian  othar  ganaral  characteristics,  in* 
eluding  interest  and  attitude  factors,  ara  dlacuaaad*  Finally*  thaaa  re- 
quirenents  ara  oonaldarad  in  Job  rafaranca  tarna  - with  reap  act  to  on- the- 
Job  behavior. 

* * , • * t . ■ ' 

A»  JfrsBMgwaii  ii  MUfii  Myraai  lam 

In  order  to  aaaaaa  the  ability  regainment  a of  the  *P  a soale  was  da- 
vjged.  oonalating  of  ninataan  ability  traits.  She  ability  traits  ware  each 
deeorlbed  in  .a  alngla  statement  int ended  to  give  the  oaatral  naaning  of  the 
ability.  Judgments  by  the  supervisory  personnel  (lead  Ba  and  the  B*>«) 
ware  sad a of  the  relative  importance  of  thaaa  abilities  to  the  Bi  Job  per- 
formance. Bach  of  the  ability  traits  waa  rated  in  tens  of  the  amount- of 
ability  required  for  successful  aastery  of  the  BE  Job.  ▲ fire  category 
scale  waa  used  in  which  at  one  extreme  the  d category  stands  for  aa  exesp- 
t tonal  amount  of  ability  required,  and,  at  the  other  extreme,  the  1 oate- 
go ry  ayWbolitas  wary  little  of  the  ability  required.  The  table  below  pre- 

* • » I . * ■' » 

sent  a the  abilities  and  the  category  of  response  sblch  bast  daaoribaa  each 
ability.  She  ltaea  ara  grouped  into  four  groat  classes  according  to  the 
rating  received,  and  the  Jndgeanta  of  the  lead  Bs  and  the  BiOe.  ara  pre- 
santed  together  for  comparison.  The  agreement  between  the  two  grocq^s  of 
Judges  is  generally  good;  the  ratings  (with  one  exception)  are  either  the 
•ana  or  in  adjacent  categories. 
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The  Bet  lac  of  Selected.  Abilities  on  e Tire  Point  Scale  of 
Importance  to  the  XT  Job  • 


Ability  . Oravp  Making  Bating 

' ! mo 

*5 

Ability  to  recognise  and  defies  problems 

B 

r ‘A 

0 

Ability  to  ahov  ingenuity 

Ability  to  plan  and  anticipate  problems 

B 

A,B 

7 

A 

B 

8 

Ability  to  make  sound  decisions 

A 

B 

16 

Ability  to  accept  personal  'responsibility 

A 

‘ :B  : 

l 

Ability  to  understand  verbal  materials 

B 

B - ' 

10 

Ability  to  accurately  read  and  record  data 

B 

B,  J. 

19 

Ability  to  work  effectively  with  others 

B 

B.C 

17 

Ability  to  accept  organisational  responsibility 

A 

C 

2 

Ability  to  learn  and  remember  verbal  materials 

B 

C 

9 

Ability  to  solve  mechanioal  problems 

C 

B.C  , 

18 

Ability  to  maintain  proficiency  under  emotional 
atresa. 

B 

C 

3 

Ability  to  make  numerical  computations 

C 

0 

4 

Ability  to  use  mathematical  reasoning 

C 

C 

12 

Ability  to  interpret  special  patterns 

C 

C 

14 

Ability  to  coordinate  body  movements 

C 

0 

15 

Ability  to  make  accurate,  quick,  hand  movement  a 

C 

C 

11 

Ability  to  interpret  data  from  records  and 
instruments 

I > 

C 

13 

Ability  to  mset  slss  and  strsx^th  requirements 

s 

X 

- ■ 

♦These  it  eat  numbers  refer  tote  location  of  the  item  on  the  rating 
scale  font*  They  are  included  for  reference  purposes  only. 

Key:  A.  An  Exceptional  Amount  Required;  S.  , Abore  Average  But  lot 

Exceptional  Ability  Required;  C.  About  Average  Ability  is  Seeded; 

D.  Somewhat  Less  Than  Average  Ability  is  Required;  1.  Very  Little  of 
This  Particular  Ability  is  Reeded, 


The  abilities  that  group  themselves  at  the  upper  end  of  the  scale  may 
be  characterized  as  traits  necessary  in  planning  and  decision  making.  It  is 
interesting  that  the  abilities  here  represent  different  stages  of  the  plan* 
ning  process  involved  in  problem  solving.  There  is  initial  recognition  and 

definition  of  the  problem  (5)  which  is  necessary  before  the  actual  planning 
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may  be  dona  and  ths  anticipation  of  problems  (7)  which  involve*  foresight 
that  forma  the  bails  for  considering  future  notion,  fha  ability  to  make 
acmhd  daolaiona  (8)  and  tha  ability  to  *ov  ingenuity  (6)  ara  tha  auitabillty 

* » i"t  t • ‘ • ■ * : i*  * ’ ' ' \ 

aspects  of  plaanlxg  la  which  tha  taohnlolan  daaonatrataa  that  ha  sot  only 
can  not  In  tha.  faoa  of  a problem  bat  oan  aot  af flolantly  and  sven  ingenious- 
ly* Ths  ability  to  aooqpt  paraonal  responsibility  (l6)  doaa  not  daal  with 
tha  planning  prooaaa,  par  ss*  bat  la  an  executive  quality  necessary  for  Ini* 
tinting  and  carrying  through  a plan  or  deolslon* 

fha  naxt  grouping  of  ability  trait  a involving  average  and  above  avar- 
aga  amounts  of  ability  (B  A 0)  aaama  to  ba  of  two  kinds*  Abilities  numbar* 

. i 

v 

• ad  1*  10,  2 and  9 daal  with  tha  comprehension  of  rerbal  and  mechanical  data* 

• She  other  type  of  abllltlaa*  numbered  19,  17*  and  IB  daal  with  tha  man's 
effectiveness  on  an  organisational  level  and  on  a personal  level*  . 

Tha  job  ms  rated  as  requiring  only  an  avaraga  amount  of  methane t leal 
or  numerical  operatlona  and  spatial  pattern  interpretations*  This  is  also 
true  of  tha  rating  of  body  and  hand  movements.  Natters  of  physique  and 
physical  strength  are  rated  uniformly  low* 

She  traits  ware  considered  also  in  terms  of  their  relative  isportanee 
to  the  Ks  job*  comparing  one  with  the  others  in  importance*  She  lead  Xfs 
and  the  MOs  ranked  all  the  traits  for  importance  with  the  most  Important 
ranked  as  1 and  the  least  important  as  19*  She  table  below  presents  the  me* 

* dian  rankiigs  of  the  19  ability  traits  in  order  of  im>ortance. 
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Table  40 


Ability  Bsquir  ament  Scale 

Median  Bank  Values  of  Abilities  Be  quire!  for  the  Job  of  W 
Stake!  by  lleotronios  Technicians 


Xtf* 


Median 


1. 

2. 

i: 


7. 

8.5 

8.5 

10. 

U, 

12.5 

u:5 

a 

17. 

18. 
19. 


Ability  to  .recognise  cud  defies  problems 

Ability  to  maintain  proficiency  under  eaotional  stress 

Ability  to  loan  an!  r sneak  or  verbal  materials 

Ability  to  aoospt  personal  responsibility 

Ability  to  make  sound  decisions 

Ability  to  plan  and  anticipate  probleas 

Ability  tc  accept  organisational  responsibility 

Ability  to  understand  verbal  materials 

Ability  to  show  ingenuity 

Ability  to  work  effectively  with  others 

Ability  to  solve  mechanical  problems 

Ability  to  use  mathematical  reasoning 

Ability  to  accurately  read  and  record  data 

Ability  to  make  numerical  coaputations 

Ability  to  coordinate  body  movements 

Ability  to  Bake  accurate,  quick, hand  aoveaente 

Ability  to  interpret  spatial  patterns 

Ability  to  interpret  data  from  records  and  instrument  s 

Ability  to  meet  else  and  strength  requirements 


l: 


fable  4l 

Ability  acquirement  Scale 


Median  Bank  Values  of  Abilities  Esquired  for  the  Job  of  ST  as 
Banked  by  Uectronlci  Materiel  Officers 


Bank 

Item 

Median 

1. 

2. 

i: 

5.5 

5.5 
7. 

8.5 
8.5 

10. 

11. 

Ability  to  recognise  qnd  define  problems 

Ability  to  understand  verbal  materials 

Ability  to  make  sound  decisions 

Ability  to  learn  and  remember  verbal  materials 

Ability  to  show  ingenuity 

Ability  to  accept  personal  responsibility 

Ability  to  plan  and  anticipate  problems 

Ability  to  solve  mechanical  problems 

Ability  to  maintain  proficiency  under  emotional  stress 

Ability  to  accept  organisational  responsibility 

Ability  to  work  effectively  with  others 

i.4o 

4.25 

5.75 

6.00 

6.75 
6.75 

8.25 

9.00 
9.00 

9.25 
11.00 
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Mbit  4i 
( oontlnued) 


n«.wk» 

Item 

Median 

13- 

Ability  to  make  numerical  oonputations 

13.00 

13. 

Ability  to  uee  mathematical  reasoning 

13.00 

13. 

Ability  to  make  accurate,  quick,  hand  movements 

13.OO 

15. 

Ability  to  accurately  read  and  record  data 

14.75 

16. 

Ability  to  coordinate  body  movement • 

15.88 

17. 

Ability  to  intexpret  spatial  patterns 

16.00 

18. 

Ability  to  meet  else  and  strength  requirements 

lt.ao 

19. 

Ability  to  Intexpret  data  from  reoords  and  instruments 

17.75 

1 coaparison  of  the  rankings  n&de  ’bgr  the  lead  ETs  and  BlOs  shows  good 
agreement  la  the  poeitlona  aaeigned  the  ahllitlea  la  terms  of  relative  Im- 
portance* A few  exceptions  might  be  noted*  however.  "Ability  to  maintain 
proficiency  under  emotional  stress”  is  r naked  second  by  the  BTs  and  about 
midway  down  the  list  by  the  BIOs.  "The  ability  to  understand  verbal  materi- 
als, * is  ranked  second  by  the  XMOe  and  about  eighth  by  the  Bi,  Tor  the 
rest  of  the  abilities  there  are  no  great  deviations  in  rank  positions  be- 
tween the  Bi  and  SKOs. 

She  rankings  of  the  abilities  indicate  that  relative  Importance  is  in 
line  with  the  Judgments  on  the  amount  of  ability  required,  those  abilities 
concerned  with  problem  recognition,  planning  and  decision  making,  and 
assuming  personal  responsibilities  are  among  the  first;  whereas  abilities 
involving  body  else  and  coordination,  hand  movements,  and  interpreting 
spatial  patterns  are  low  on  the  lists* 

That  can  be  abstracted  then  from  the  information  derived  from  the  Judg- 
ments made  on  the  ability  requirements  scalef  For  one  thing,  those  abilities 
emphasising  a general  problem  solving  approach  and  decision  making  are  re- 
quired in  greater  amounts  and  are  highest  in  relative  importance.  The  ablli- 
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ties  that  Mgr  he  required  to  p erf  oars  the  operations  resulting  f*P*  the 
problso-solving  processes  are  usuallylower,  on  the  scales  of  iaportancs  and 
amount  a necessary,  ' . '■  *■ 

B.  » Other  General  Job  Requirements 

* ♦ 1 t ' ' ' 

There  are  miner oua  other  aouroes  of  information  on  the  general  char- 

aoteriatioa  of  aucoeaaful  XT  behavior,  Two  of  these  are  presented  below— 

* 

one  based  on  direct  observation  of  the  nan,  the  other  on  judgments  by  the 
men.  neither  represents  an  attempt  to  remain  in  a single  frame  of  reference 
snob  ae  abilities  orjc^  related  skills.  Instead  they  emphasise  general  . 
consistencies  of  behavior  such  aa  motivation*  attitude*  and  general  work 
habits* 

In  aa  effort  to  determine  the  Job  requirements  which  could  be  based  on 
first  hand  (direct)  observation*  the  diaries  were  carefully  scrutinised  and 
a list  assembled  of  the  behavior  uniformities  whioh  were  noted  with  consi- 
derable frequency.  Among  the  common  elements  runnix^  through  the  list  it  an 
esqxhasls  on  good  work  habits*  thoroughness,  carefulness,  end  the  nee’  of  or- 
ganised procedures  for  repair.  It  is  also  noticeable  that  Items  of  plan- 
ning* foresight*  and  sound  decision  making  are  important*  ceasing  these 
results  to  agree  in  general  with  those  suggested  by  the  ability  ratings 
discussed  in  the  last  section.  The  list  of  behaviors  follows. 

1.  Using  systematic  procedures  in  performing  a task. 

2.  Seeing  that  a job  is  completed  before  leering  it# 

3*  Accepting  and  carrying  out  personal  responsibility  in  seeing 
that  a job  is  done. 

4.  Discerning  the  functional  relationship  between  components. 

5*  Doing  cqreful  and  precise  work. 

6.  Delating  a symbolic  representation  with  the  material  system. 

7*  Beal i zing  self-limitations. 

5.  Besuanbering  and  followii^  instructions. 
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9* ' foreseeing  results  of  actions  and  making  scund  decisions. 

10.  Assigning  qualified  personnel  to  get  a job  done. 

11.  Supervising  a job  adequately*  - * 

12.  Considering  all  possibilities  in  solving  a problem. 

13.  Taking  advantage  of  aids  in  performing  the  task*-- 

14.  Keeping  up  the  necessary  book  work. 

15*  Making  correct  assumptions  in  perform!**  a task. 

lo.  Obtaining  additional  knowledge  needed  tocoaplete  the  ..task* 

17*  Using  cooperative  or  coordinated  effort  in  making  repair. 

IB.  Uaing  ingenious  procedures  in  making  repalr. , 

19.  Showing  exceptional  skill  and  ingenuity  in  performing  task 

Which  is  not  required  of  the  personnel. 

20.  Using  basic  knowledge  and  previous  experience  in  solving  a new 

problem. 

Another  source  of  information  on  these  matters  was  obtained  by-  asking 
seleot  groups  of  people  to  rate  each  of  nine  Characteristics  in  terms  of  its 
relative  importance  to  the  electronics  technician.  This  ratixg  is  shown  in 
Table  42.  There  is  a great  deal  of  consistency  among  the  rating  groups. 

All  felt  that  a high  interest  in  electronics  Is  the  most  important  charac- 
teristic. Hext  are  initiative,  beix*  a hard  worker,  and  a high  OCT  score. 
Lowest  of  all  was  the  possession  of  above  average  stamina. 


> ' . . . 1 . • 

C.  Critical  Requirements  in  Job  Reference  Term 

* # • ...  * 

A further  source  of  critical  requirements  for  the  electronics  technl- 

**  •*  . ’ 

clan's  job  is  the  specific  behavior  involved  in  performing  the  job.  Several 
’ * * . * 
of  the  observational  methods  yielded  statements  of  behaviors  of  EEs  in  the 

maintenance  situation.  These  methods  were  the  diary,  repair  record,  cri- 
tical incident  interview,  and  the  card  sort.  The  data  from  these  methods 
were  examined,  and  statements  of  EE  activities  were  abstracted.  . 

All  of  the  statements  were  examined  and  categorized  in  terms  of  the 

basic  job  requirements  that  might  be  involved.  XI even  classes  and  thirty- 
« % 
six  subclasses  of  job  requirements  were  obtained  from  this  categorization. 
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The  oonplex  nature  of  the  activities  made  It  Impossible  to  categorise  them 
with  no  overlapping  elements}  therefpre,  the  main  differentiating  charac- 
teriBitic  of  each  activity'  was  used  as  a basis  for  categorising  it*  She 
classes  of  requirements  ere  given  below  along  with  the  subclasses  that 
were  obtained. 

1*  Making  simple  discriminations 

A.  Discriminating  by  visual  cues  ». 

B*  Discriminating  by  tactile  cues 

0*  Discriminating  by  kinesthetic  cues 

II*  Making  decisions 

III*  Systems  tracing  and  making  logical  analyse# 

A*  Tracing  circuits  or  signals 

B.  Testing  or  checking  circuits 

C.  Locating  troubles  by  reasoning 

IT*  Using  verbal  and  diagrammatic  materials 

A.  Bef erring  to  Information  sources 

B.  Keeping  records 

C.  Labeling  circuitry 

T.  Making  measurements 

A.  Using  measuring  instruments  to  determine  circuit 

or  component  values 

B.  Using  measuring  instruments  to  determine  continuity 
TI.  Making  computations 

VII.  Devising  and  improving 

A.  Designing  electrical  circuits 

B.  Making  ingenious  emergency  repairs 

Till.  Performing  simple  manual  operation# 

A.  Moving  buttons,  switches,  and  knobs 

B.  Tightening  and.  loosening  bolts  and  screws 
C*  Cleaning 

D«  Lubricating 

X*  Stowing  and  arranging  tool#  and  spare  parts 
y.  Shorting  out  components 
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IX*  Performing  discriminative  manual  operation* 

A*  Making  adjustment* 

B*  Tapping,  prodding!  or  jiggling  components  to  locate  trouble 

C.  Aligning  equipment 

D.  Tuning 

E.  Operating  gear 

X*  Performing  skilled  manual  operations 

A.  Bepairing 

B.  Manufacturing 

C.  Connecting  parts 

D.  Assembling  components,  and  units 
S.  Making  simple  replacements 

F.  Making  coup  lex  replacements 

G.  Removing  bompoiients  br  units 

H*  Soldering  electrical  components 

XI.  Directing  and  assisting 

A.  Supervising 

B.  Instructing 

C.  ' Assisting 

To  more  dearly  define  these  job  requirements,  each  of  the  major  cate- 
gories will  be  discussed  in  terms  of  the  kinds  of  behavioral  activities  from 
which  they  were  derived.  Included  in  this  discussion  will  be  examples  of 
the  behavioral  statements  obtained. 

Making  simple  discriminations.  In  trouble  shooting,,  there  are  a number 

of  checks  that  the  repairman  makes  that  involve  mainly  perception  and  simple 
« < , 
discrimination  of  *ls*  or  *is  not.*  Tor  example,  in  visually  inspecting  a 

tube,  the  ST  may  be  interested  in  whether  the  tube  is  lighted  or  not.  In- 
stances were  observed  in  which  the  ST  made  checks  using  the  senses  of  sight, 
"touch,  and  kinesthesia.  Visual  inspection  was  found  to  be  the  most  frequent 
procedure  in  making  these  simple  discriminations.  This  class  Includes  such 
behavior  activities  aS  the  following: 
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I.  Discriminating  by  visual  cues 

A.  Checks  to  make  certain  tubes  are  in  sockets 

B«  Checks  antenna  for  ‘binding 

C.  Inspects  tubes 

D»  Inspects  for  moisture 

X.  Inspects  fuse  Indicator 

P.  Checks  switches  visually 

• 1 ' ‘ * ■ i . 

II  • Discriminating  by  tactile  cues 

A*  Peels  tube  for  warmth 

B«  Peels  output  transformer  to  see' if  warm 

III.  Discriminating  by  kinesthetic  cues 

A.  fingers  external  control  for  position 

B.  Peels  wires  for:  looseness 

Making  decisions.  The  trouble  shooting  procedure  also  requires  the  XT 
to  make  Judgments  as  to  the  factors  involved  in  a situation  or  the  appro- 
priate action  to  take.  This  Job  requirement  can  be  inferred  from  many  main- 
tenance behaviors,  but  it  stands  out  in  a number  of  activity  statements  that 
were  abstracted  from  the  data.  Some  of  the  typical  statements  that  repre- 
sent this  class  are: 

A.  Doubts  accuracy  of  tube  tester 

B.  Decides  set  has  too  much  output 

C.  Decides  wattmeter  is  bad 

D.  Makes  Judgment  that  since  windings  are  right,  the 

voltages  must  be  in  phase. 

Systems  tracing  and  making  logical  analyses.  This  class  is  concerned 
with  being  systematic  or  following  logical  steps  in  the  serial  aspect  of 

trouble  shooting.  It  is  not  concerned  with  the  individual  activities  that 

« 

are  involved  in  systems  tracing.  In  order  to  locate  a trouble  it  is  fre- 
quently necessary  to  trace  a signal  through  various  stages  of  the  gear  or  to 
check  out  a circuit  by  testing  various  test  points.  Therefore,  it  is  impor- 
tant that  the  XT  be  able  to  follow  an  appropriate  step  by  step  procedure. 
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Soffit  of  tht  activities  that  art  contained  in  thl»  class  arei 

I.  Tracing  circuit*  or  signals 

A.  fracas  audio  signal  through  audio  wnplifier 

B.  fracas  vlras  to  determine  patch  panel  circuits 
C*  fracas  circuit  with  vacuum  tube  voltmeter 

II,  fasting  or  checking  circuits 

A.  fasts  with  salactive  analyser  at  test. points 

B.  fasts  for  shorts  and  open  circuits 

C.  Makes  systematic  check  of  all  stages 

III.  Locating  troubles  by  reasoning 

A.  Locates  poor  solder  connection  by  systematic  analysis 
' of  the  circuit 

B.  Locates  noise  source  by  process  of  elimination 

C.  Locates  bad  capacitor  by  logical  deduction 

Using  verbal  and  dlagraanatic  materials.  Included  in  this  category  are 
activities  that  are  nainly  verbal  in  nature.  The  use  of  reference  Materials 
such  as  instruction  books  and  schematics  are  included  here  as  well  as  written 
work  such  as  keeping  records.  Bef erring  to  inforoatlon  sources  is  concerned 
with  the  reading  and  understanding  of  the  verbal  Material  and  relating  it  to 

* t 

the  situation  Involved.  Tor  exasple,  in  using  * schematic  the  nan  studies  it 
obtains  meaning  from  it,  and  determines  the  relationship  between  it  and  the 
equipment  on  which  he  is  working.  The  using  of  verbal  and  diagrammatic  mate- 
rials refers  to  such  activities  as  the  following: 

I.  Bef  erring  to  information  sources 

A.  Reviews  records  for  possible  cause  of  failure 

B.  follows  instruction  bode  to  locate  trouble 

C.  Uses  schematic  to  adjust  set 

D.  Obtains  information  from  an  operator  on  how  gear  broke  down 
S.  finds  part  needed  for  repair  by  consulting  instruction  book 

II.  Seeping  records 

A.  Vrites  requisition  for  tender  repairs 

B.  Prepares  spare  parts  requisition 
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C.  Prepares  work  orders 

D*  Bscords  circuit  change  in  instruction  hook 
2*  Pills  out  failure  report 

III.  Labelling  circuitry 

A.  Draws  schematic 

B.  Identifies  leads  before  renoring  then 

Making  measurements.  The  using  of  measuring  instruments  is  an  important 
part  of  trouble  shooting*  The  instruments  are  used  both  for  determining  ex- 
act circuit  or  component  values  and  for  determining  continuity*  Included 
in  this  category  are: 

I*  Using  measuring  instruments  to  determine  circuit  or  component 
values 

A*  Measures  resistance  of  resistor 

B.  Measures  circuit  voltages ■ 

C.  Tests  meter 

D.  Tests  tubes  with  tube  tester 
X.  Measures  synchro  voltage 

P.  Measures  ring  time 
G.  Measures  oscillator  output 

II*  Using  measuring  instruments  to  determine  continuity 

A*  Checks  a capacitor  for  short 

B.  Checks  fuse  continuity 

C.  Tests  for  an  open  coil 

D*  Tests  switches  and  relays 

Making  computations*  This  class  of  job  requirements  refers  to  per- 
forming arithmetical  coaputations*  The  IT  activities  categorised  here  are 
such  things  as: 

A.  Computes  voltage  requirements  for  a given  circuit 

B.  Computes  wove  length  far  a given  frequency 

C.  Calculates  change  in  voltage  divider  network 

D.  Determines  capacitor  needed  to  eliminate  DC  component  of 

voltage* 

Devising  and  improvising*  This  category  includes  behaviors  that  are 
involved  when  an  ST  finds  it  necessary  to  design  and  build  a circuit  so  that 
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& repair  can  be  made,  or  uses  some  other  ingenious  meant  for  repairing  the 

gear*  Some  typical  aotiritiee  aret 

1*  Designing  electrical  circuits 

A.  Combines  aim  transformers  to  replace  one  burned  out 
transformer 

B*  Devises  rectifier  circuit 
C»  Designs  bias  supply 
D,  Devises  test  instrument 
X*  Devises  squelch  circuit 

II.  Making  ingenious  emergency  repairs 

A.  Substitutes  tubes  with  different  characteristics 

B.  Substitutes  repeater  f Or  inoperative  console 
C*  Bigs  up  tsmporary  blower  motor 

D.  Makes  emergency  repair  by  bypassing  the  trouble 
X.  ' Repairs  burned  out  wiring  with  graphite 

Performing  simple  manual  operations.  The  behavioral  activities  that 

maks  up  this  category  are  those  with  the  major  characteristic  of  & physical 

manipulation  of  material  by  a simple  movement  or  series  of  movements  in 

tdiich  therm  is  little  control,  coordination,  and  discrimination  involved. 

The  activities  that  were  categorised  here  include  such  things  as: 

I.  Moving  buttons*  switches,  and  knobs 

A.  Presses  operate  button 

B.  Switches  selector  switch 

C.  Keys  transmitter 

D.  Rotates  range  crank 

II.  Tightening  and  loosening  bolts  and  screws 

A.  Unscrews  covers 

B.  Replaces  set  screw 
G.  Tightens  tube  socket 
D.  Places  screws  in  cable  mountings 

III.  Cleaning 

A.  Cleans  switch  contacts 

B.  Cleans  exterior  of  equipment 

C.  Cleans  varicble  resistor  with  crocus  cloth 

D.  Cleans  antenna  insulators 
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IVi  lubricating 

A#  lubricates  bearings 
Bt  Oils  gears 

Vt  Stowing  and.  arranging  tool*  and  spare  parte 

A#  Stowe  tool* 

B.  Arranges  spare  parte 

VI.  Shorting  out  components  * 

A#  Shorts  out  high  voltage  oapacitor 
Bt  Uses  shorting  bar 

Performing  discriminative  manual  operations;  'The  activities  making  up 
this  category  are  those  manual  manipulations  that  involve  a great  deal  of 
visual  discrimination.  Varying  amounts  of  eye-hand  coordination  and  phys- 
ical oontrol  are  involved  hut  in  general  thaee  factor*,  are  an  important 
part  of  the  abtivitiect  This  Job  requirement  consist*  of  such  activities 
•aa: 


!•  Making  adjustments  ■ 

At  Adjusts  knob  while  observing  effect  on  scope 
Bt  Adjusts  transmission  line  slugs 
C.  Balances  power  of  amplifier  stage 
Bt  Adjusts  local  oscillator  coupling 
5.  Adjusts  sensitivity  of  range  spot 

lit  Tapping,  prodding,  or  juggling  components  to  locate  trouble 

A.  Jiggles  set 

Bt  Prods  for  loose  connections 
Gt  Taps  tubes  for  loose  elements 

Hit  Aligning  equipment 

At  Aligns  receiver 
Bt  Aligns  helipot  tracking 
Ct  Synchronizes  FPI  sweep 

IV.  Tuning 

A.  Tunes  TDZ 

B.  Tunes  receiver  to  eliminate  distortion 
G.  Tunes  director 
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V*  Operating  gear 

A.  Picks  up  target  on  set 

B . Seta  up  desired  frequency 

C*  Seta  up  tube  tester '■  - ' , 

Performing  skilled  manual  operations*  This  category. Is  made  up  of  a 
large  number  of  different  types  of  complex  activities  that  demand  a rela- 
tively high  degree  of  skill  but  little  discrimination*  A fair  amount  of 

■i  ... 

physical  control  and  various  kinds  of  coordination  are  necessary  for  these 

• ' • • % > 

activities*  The  activities  included  in  this  category  include  such  things 
act 

1*  Repairing 

« 

A.  Repairs  modulation  and  keying  circuit  in  microphone 

B.  Repairs  motor  generator 

C.  Repairs  telescopic  capacitor 

D.  Repairs  cooling  fans  and  lines 

II.  Manufacturing 

A.  Makes  replacement  shaft  for  potentiometer  • '* 

B.  ' Manufactures  antenna  clasp 
C*  Rewinds  motor 

D*  Rewires  high  voltage  unit 

III.  Connecting  partj 

...  . f * 

A.  Hooke  up  signal  generator 

B. :  Connects  -wattmeter  to  output 

0.  Makes  connections  on  patch  panel 
D.  Connects  power  Cables 

IT.  Assembling  components  and  unite 

A.  Reassembles  search  switch 

B.  Disassembles  crystal  unit 

C.  Installs  multi- jack  plug 

V.  Making  sisple  replacements 

A.  Replaces  TR  tube 

B.  Replaces  meter  front 
0.  Replaces  fuse 

D.  Replaces  rectifier  tube 
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VI,  Making  complex  replacements 

A,  Replaces  magnetron 

B.  Replaces  reduction  gear 

C.  Replaces  tuning  capacitor 

D,  Replaces  filter  choke 

VII,  Removing  components  or  units 

A.  Removes  knot  ar  jambly 

B,  Removes  transformer 

CU  Removes  slip  rings  in  focus  coil 

D*  Removes  nave  guide 

VIII.  Soldering  electrical  cospo neats 

A.  Repairs  poor  wiring  in  patch  panel 

B.  Solders  rectifier  in  volt-ohametar 

0*  Resolder b input  cable 

Directing  and  aaeleting.  Shis  Job  requirement  category  is  made  tip  of 
such  activities  as  supervising  corrective  and  preventive  maintenance  acti- 
vities, instructing  radar  operators  in  maintenance,  instructing  personnel 
in  safety  precautions,  Instructing  XTs  in  maintenance  fine  points,  and 
assisting  the  repairman. 

Shese  Job  requirements  are  the  titles  used  to  represent  the  classes  of 
behavioral  statements  that  were  placed  in  the  same  category.  Of  course,  it 
is  possible  to  make  other  categorisations  of  these  statements  by  changing 
the  frame  of  reference  in  which  one  is  working.  It  is  felt  that  the  Job 
requirements  obtained  and  the  behavioral  statements  that  define  them  will 
be  the  most  useful  for  the  purposes  that  are  usually  Intended  for  this  type 
of  information.  These  Job  requirements  are  not  necessarily  exhaustive  for 
the  Job  of  electronics  technician,  for  although  an  effort  was  made  to  ob- 
tain descriptive  information  on  all  aspects  of  the  Job,  the  main  emphasis 
was  on  electronics  maintenance. 
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®xe  job  requirement*  expressed  in  ability  reference  terms,  that  were 

! 

diecuseed  earlier,  are  independent  of  each  other  to  a large  degree.  Such 
is  not  the  case  when  requirements  are  expressed  in  job  reference  terms, 
since  each  job  requirement  represent*  a number  of  job  activities,  each  of 
'diich  has  more  than  one  behavioral  characteristic.  Although  this  differ-* 
ence  between  the  two  references  exists,  the  job  requirements  obtained  by 
the  two  references  are  in  basic  agreement  throughout. 


* * * 

The  electronics  technician  is  afcey  man  in  the  maintenance  of  the  elec 
tronic  equipment  aboard  ship*  Comprehensive  accounts  of  his  job  provide 
information  to  illuminate  some  of  the  chronic  problems  of  maintenance.  , 
However,  the  problem  of  achieving  and  sustaining  a maximum  state  of  opera- 
tional electronic  readiness  is  not  simply  an  3ET  matter.  The  next  two  re- 
ports of  this  series  bring  the  observational  information  to  ber~*  upon  two 
important  factors  which  interact  with  the  2T  performance  to  produce  the 
current  situation.  The  next  report  (Ho.  5)  contains  descriptions  of  the 
maintenance  aspects  of  related  electronics  jobs,  and  Beport  No.  6 deals 
with  the  Influence  of  policy  and  shipboard  organization  upon  the  electronic 
maintenance  situation. 
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